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1.0 INTRODUCTION

A major function of the Tank Waste Remediation System (TWRS) is to characterize waste in
support of waste management and disposal activities at the Hanford Site. Analytical data from
sampling and analysis and other available information about a tank are compiled and maintained in
a tank characterization report (TCR). This report and its appendices serve as the TCR for
single-shell tank 241-TX-104.

The objectives of this report are 1) to use characterization data in response to technical issues
associated with tank 241-TX- 104 waste, and 2) to provide a standard characterization of this
waste in terms of a best-basis inventory estimate. Section 2.0 summarizes the response to
technical issues, Section 3.0 shows the best-basis inventory estimate, Section 4.0 makes
recommendations about the safety status of the tank and additional sampling needs. The
appendices contain supporting data and information. This report supports the requirements of the
Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1997), Milestone
M-44-15c, change request M-44-97-03 to "issue characterization deliverables consistent with the
Waste Information Requirements Document developed for FY 1999" (Adams et al. 1998).

1.1 SCOPE

The characterization information in this report originated from sample analyses and known
historical sources. Samples were obtained and assessed to fulfill requirements for tank specific
issues discussed in Section 2.0 of this report. Other information was used to support conclusions
derived from these results. Appendix A contains historical information for tank 241-TX-104
including surveillance information, records pertaining to waste transfers and tank operations, and
expected tank contents derived from a process knowledge model. Appendix B summarizes recent
sampling events (see Table 1-1), sample data obtained before 1989, and sampling results.
Appendix C provides the statistical analysis and numerical manipulation of data used in issue
resolution. Appendix D contains the evaluation to establish the best basis for the inventory
estimate. Appendix E is a bibliography that resulted from an in-depth literature search of all
known information sources applicable to tank 241-TX-104 and its respective waste types.

Table 1-1. Summary of Recent Sampling. (2 sheets)

Vapor sample Gas Tank headspace, n/a n/a
(5/05/97) Riser 13A, 6.1 m

(20 ft) below top of
riser

Push core 230 Solid/liquid Riser 9A 2 segments; upper 100% segment 1,
(2/18/98) half and lower half 13.5 in stroke for

segment 2 and 2A,
100% for seg. 2,
67% for segment
2A, stopped
because of high
downforces.
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Table 1-1. Summary of Recent Sampling. (2 sheets)

Push core 231 Solid/liquid Riser 13A 2 segments, upper 100% of segment
(2/23/98) half and lower half 1, 5.25 in stroke

for segment 2 and
2A. 100%
recovery. Stopped
because of high
down forces.

Notes:
n/a = not applicable

'Dates are in the mm/dd/yy format.

1.2 TANK BACKGROUND

Tank 241-TX-104 is located in the 200 West Area TX Tank Farm on the Hanford Site. The tank
went into service in 1950. Tank 241-TX-104 began filling in November 1950 with metal waste.
The tank contained metal waste until the fourth quarter of 1956 when the tank was declared
empty. The tank later received REDOX waste. The tank was labeled inactive in 1977. The tank
was interim stabilized in September 1979 with intrusion prevention completed in August 1984.
The tank is classified as a sound stabilized tank.

Table 1-2 is an overall description of tank 241-TX-104. The tank has a maximum storage
capacity of 2,870 kL (758 kgal), and presently contains an estimated 246 kL (65 kgal) of
noncomplexed waste (Hanlon 1998). The tank is not on the Watch List (Public Law 101-510).
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Table 1-2. Description of Tank 241-TX-104.
~*~*~*X:(X~~& $%$~% -- - .n ...... XX X

Type Single Shell

Constructed 1947-1948

In-service 1950

Diameter 22.9 m (75 ft)

Operating Depth 7 m (23 ft)

Design Capacity 2,870 kL (758 kgal)

Bottom shape Dish

Ventilation Passive

Waste Classification Non-complexed waste

Total Waste Volume 246 kL (65 kgal)

Supernatant' 20.8 kL (5.5kgal)

Saltcake Volume2  157 kL (41.5 kgal)

Sludge Volume 3  68 kL (18 kgal)

Drainable Interstitial Liquid Volume 2  58.7 kL (15.5 kgal)

Waste Surface Level4 (9/30/98) 83.1 cm (32.7 in)

Temperature4 (9/30/97 to 9/30/98) 16.9 *C (62.4 *F) to 20.7 *C (69.3 *F)

Integrity Sound

Watch List Status None

Flammable Gas Facility Group 3

Core Samples 4  February 1998

Vapor Samples4  5/5/1997

Declared Inactive 1977

Interim Stabilization September 1979

Intrusion Prevention August 1984

Notes:
'Based on observations during sampling.
2Differs from Hanlon (1998), see Appendix D.
3Agnew et al. (1997)
4Dates are in the mni/dd/yy format.
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2.0 RESPONSE TO TECHNICAL ISSUES

Technical issues required by Brown et al. (1997) and addressed by sampling events include:

* Safety screening: Does the waste pose or contribute to any recognized potential
safety problems?

* Organic complexants: Does the possibility exist for a point source ignition in the
waste followed by a propagation of the reaction in the solid/liquid phase of the waste?

* Organic solvents: Does an organic solvent pool exist that may cause a fire or ignition
of organic solvents in entrained waste solids?

No new issues were identified for this tank in Brown et al. (1998).

Data from the analysis of February, 1998 push core samples (Steen 1998) and tank vapor space
measurements (Duchsherer et al. 1997), along with available historical information, provided the
means to respond to the technical issues. Sections 2.1 and 2.2 present the response. Data from
the May 1997 vapor sample provided the means to address the vapor screening issue. See
Appendix B for sample and analysis data for tank 241-TX-104.

2.1 SAFETY SCREENING

The data needed to screen the waste in tank 241-TX-104 for potential safety problems are
documented in Tank Safety Screening Data Quality Objective, (Dukelow et al. 1995). These
potential safety problems are exothermic conditions in the waste, flammable gases in the waste
and/or tank headspace, and criticality conditions in the waste. Each condition is addressed
separately below.

2.1.1 Exothermic Conditions (Energetics)

The first requirement outlined in the safety screening Data Quality Objective (DQO)
(Dukelow et al. 1995) is to ensure there are not sufficient exothermic constituents (organic or
ferrocyanide) in tank 241-TX-104 to pose a safety hazard. The safety screening DQO required
the waste sample profile be tested for energetics every 24 cm (9.5 in.) to determine whether the
energetics exceeded the safety threshold limit. The threshold limit for energetics is 480 J/g on
a dry weight basis.

Results obtained using differential scanning calorimetry (DSC) indicated that there were no
exotherms in any of the samples analyzed. Therefore exothermic activity is not a concern for tank
241-TX-104.

2.1.2 Flammable Gas

Headspace measurements were taken from riser 13A before taking the February 1998, push core
samples. Flammable gas was not detected in the tank headspace (0 percent of the lower
flammability limit [LFL]). This is well below the safety screening limit of 25 percent of the LFL.
Data for the February1998, July 1996 and May 1997 headspace vapor measurements and May
1997 vapor phase samples are presented in Appendix B.
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2.1.3 Criticality

The safety screening DQO threshold for criticality, based on total alpha activity, is 1 g/L.
Because total alpha activity is measured in p.Ci/g instead of g/L the 1 g/L limit is converted into
units of Ci/g by assuming that all alpha decay originates from 3 9Pu. The safety threshold limit is
I g 239 u per liter of waste. Assuming that all alpha is from 239pu for a maximum density of 2.05
g/mL, I g/L of 239pu is 30.0 p.Ci/g of alpha activity. The maximum total alpha activity result for
solids was 1.22 stCi/g, with a maximum upper limit to a 95 percent confidence interval on the
mean of 2.7 Ci/g. For drainable liquids, the maximum total alpha was 6.89 pCi/mL with a
maximum upper limit to a 95 percent confidence interval on the mean of 10.2 pCi/mL. This is
well below the liquid threshold value of 61.5 pCi/mL. Therefore,' criticality is not a concern for
this tank. Appendix C contains the method used to calculate confidence limits.

2.2 ORGANIC COMPLEXANTS

The data required to support the organic complexants issue are documented in Memorandum of
Understanding for the Organic Complexant Safety Issue Data Requirements (Schreiber 1997).
Energetics by DSC and sample moisture analyses were conducted to address the organic
complexants issue (Meacham et al. 1998)..

Data results showed that there were no exotherms for this tank. The total organic carbon (TOC)
values ranged from 315 to 2,750 pgC/g for solids and 1,190 to 1,510 ggC/mL for drainable
liquids. Because all TOC values were well below 4.5 percent, and the probability of a propagating
event is not a concern for this tank. Therefore, the tank is classified as "safe" for this issue.

The organic complexant safety issue was closed in December 1998 (Owendoff 1998).

2.3 ORGANIC SOLVENTS SAFETY SCREENING

The data required to support the organic solvent screening issue are documented in the Data
Quality Objective to Support Resolution of the Organic Solvent Safety Issue (Meacham et al.
1997). The DQO requires tank headspace samples be analyzed for total nonmethane organic
compounds to determine whether the organic extractant pool in the tank is a hazard. The purpose
of this assessment is to ensure that an organic solvent pool fire or ignition of organic solvents
cannot occur.

Vapor samples taken May 5, 1997 showed the concentration of total nonmethane organic
hydrocarbon in tank 241-TX-104 was 1.39 mg/M3 with an estimated organic solvent pool size of
0.381 in2 (Huckaby and Sklarew 1997), below the limit of 1 m2.

The organic solvent safety issue is expected to be closed in 1999.

2.4 OTHER TECHNICAL ISSUES

2.4.1 Hazardous Vapor Screening

Vapor samples were taken to address the Data Quality Objectivesfor Tank Hazardous Vapor
Safety Screening (Osborne and Buckley 1995). However, this is no longer an issue because
headspace vapor (sniff) tests are required for the safety screening DQO (Dukelow et al. 1995),
and the toxicity issue was closed for all tanks (Hewitt 1996).
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2.4.2 Tank Waste Heat Load

A factor in assessing tank safety is the heat generation and temperature of the waste. Heat is
generated in the tanks from radioactive decay. Heat load estimates based on 1998 core samples
were not possible because radionuclide analyses were not required. However, the heat load
estimate based on the tank process history was 291 W (992 Btu/hr) (Agnew et al. 1997). The
heat load estimate based on tank headspace temperature was 40 W (1,380 Btu/hr) (Kummerer
1995). Both of these estimates are quite low, and are well below the limit of 11,700 W
(40,000 Btu/hr) that separates high- and low-heat-load tanks (Smith 1986).

2.5 SUMMARY

The results of all analyses performed to address potential safety issues showed that primary
analytes did not exceed safety decision threshold limits.

The analyses results are summarized in Table 2-1.

Table 2-1. Summary of Technical Issues.

Safety screening Energetics No exotherms observed in any sample.
Flammable gas Vapor measurement reported 0 percent of

lower flammability limit. (Combustible gas
meter).

Criticality Maximum total alpha activity result
wasl .22 pCi/g for solids, well below
30.0 p.Ci/g total alpha and 6.89 iCi/mL for
liquids below 615 pCi/mL.

Organic Safety categorization (safe) No exotherms observed.
complexantsS

-Organic solvents' Solvent pool size Organic pool size estimate 0.381 mn2.

Notes:
'The organic complexants safety issue was closed in December 1998 (Owendoff 1998).
2The organic solvents safety issue is expected to be closed in 1999.
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3.0 BEST-BASIS STANDARD INVENTORY ESTIMATE

Tank farm activities include overseeing tank farm operations and identifying, monitoring, and
resolving safety issues associated with these operations and with the tank wastes. Disposal
activities involve designing equipment, processes, and facilities for retrieving wastes and
processing them into a form suitable for long-term storage/disposal. Information about chemical,
radiological, and/or physical properties is used to perform safety analyses, engineering
evaluations, and risk assessment work associated with tank farm operation and disposal activities.

Chemical and radiological inventory information is generally derived using three approaches:
1) component inventories are estimated using the results of sample analyses, 2) component
inventories are predicted using the HDW model based on process knowledge and historical
information, or 3) a tank-specific process estimate is made based on process flowsheets, reactor
fUel data, essential material usage, and other operating data.

An effort is underway to provide waste inventory estimates that will serve as standard
characterization source terms for the various waste management activities (Hodgson and LeClair
1996). As part of this effort, an evaluation of chemical information for tank 241-TX-104 was
performed, and a best-basis inventory was established. This work, follows the methodology
established by the standard inventory task. The following information was used in the evaluation:

" Analytical results from two 1998 push mode core samples
* Tank waste photographs
* Inventory estimates generated by the HDW model (Agnew et al. 1997).

Based on this evaluation, a best-basis inventory was developed for tank 241-TX-104. The
sampling-based inventory was chosen as the best basis for those analytes for which analytical
values were available. The HDW model results were used if no sample based information was
available.

Best-basis tank inventory values are derived for 46 key radionuclides (as defined in.Section 3.1 of
Kupfer et al. 1998), all decayed to a common report date of January 1, 1994. Often, waste
sample analyses have only reported 9Sr, Cs Pu, and total uranium (or total beta and total
alpha), while other key radionuclides such as bCo, 99Tc, 1291, '5 4Eu, '5Eu, and 241Am have been
infrequently reported. For this reason it has been necessary to derive most of the 46 key
radionuclides by computer models. These models estimate radionuclide activity in batches of
reactor fuel, account for the split of radionuclides to various separations plant waste streams, and
track their movement with tank waste transactions. These computer models are described in
Kupfer et al. (1998), Section 6.1 and in Watrous and Wootan (1997). Model-generated values
for radionuclides in any of the 177 Hanford Site tanks are reported in the HDW Rev. 4 model
results (Agnew et al. 1997). The best-basis value for any one analyte may be either a model result
or a sample-or engineering assessment-based result, if available.

The best-basis inventory estimate for tank 241-TX-104 is presented in Tables 3-1 and 3-2.
Mercury values were specified in Simpson (1998).

The inventory values reported in Tables 3-1 and 3-2 are subject to change. Refer to the Tank
Characterization Database (TCD) (LMHC 1998) for the most current inventory values.
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Table 3-1. Best-Basis Inventory Est
TnaC9A1-TY-mAf M

ates for Nonradioactive Components in
:ctive December 1, 1998)

Al zzSUU S

Bi 38.2 S/E Upper bounding estimate
Ca 110 S
Cl 1,390 S
TIC asCO3  12,100 S
Cr 950 S
F -543 S
Fe 609 S
Hg 0 E Simpson (1998)
K 473 S
La 11.0 S/E Upper bounding estimate
Mn 132 S
Na 53,900 S
Ni 4.69 S/E Upper bounding estimate
NO2  13,100 S
NO3  1.08E+05 S
OHTOTAL 49,800 C Charge balance calculation
Pb 28.3 S/E Upper bounding estimate
P0 4  5,950 S Based on IC
Si 101 S Upper bounding estimate
SO 4  715 S Based on ICP
Sr 2.2 S
TOC 475 S
UTOTAJ 275 S/E Upper bounding estimate
Zr 5.47 S

Notes:
IC = ion chromatography

ICP= inductively coupled plasma spectroscopy

S = sample-based (see Appendix B), M = HDW model-based, Agnew et al. (1 997a), E = engineering
assessment-based, and C = calculated by charge balance; includes oxides as hydroxides, not including CO3,
NO2, NO 3, P0 4, SO 4, and SiO 3.
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Table 3-2. Best-Basis Inventory Estimates for Radioactive Components in
Tank 241-TX-104 Decayed to January 1, 1994. (Effective December 1, 1998). (2 sheets)

......... .. % o :0~...C0.>(.0*S C O . X0Y < 00 ~
0O00gtggum~~ *-poooMMM MUNN

X000.000000>000.00.... 0. .0%. X~*4.00A........................o. ~. 0.0 0M O M. O M

00 0.0 0 0 00 0 00 ~M Ox x0 o .... - - .. ....... ...........MnM Oo IMOMM 6..MM

_H 27.5 M
4c 4.01 M

59Ni 0.292 M
60Co 4.33 M
63Ni 28.6 M
79Se 0.429 M
90Sr 14,900 M
90Y 14,900 M
93Zr 2.11 M
93n'Nb 1.53 M
99Tc 27.4 M

1RU 8.52E-04 M
113"'Cd 10.9 M

Sb 18.9 M
n 0.648 M

1291 0.0528 M
"4Cs 0.493 M
"7Cs 40,600 M

"37"Ba 38,400 M
"'Sm 1,510 - M
mEu 0.566 M

EU 74.5 M
Eu 34.3 M

26Ra 2.90E-05 M
227AC 1.50E-04 M

Ra 0.0293 M
229Th 6.79E-04 M
23 'Pa 5.87E-04 M
32Th 0.00180 M
32U 0.00141 S/E/M Based on total uranium and HDW model

isotopic distribution.
23u 0.00539 S/E/M Based on total uranium and HDW model

I_ isotopic distribution.
0.0908 S/E/M Based on total uranium and HDW model

I_ isotopic distribution.
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Table 3-2. Best-Basis Inventory Estimates for Radioactive Components
Tank 241-TX-104 Decayed to January 1 1994. (Effective December 1 1998).

in
(2 sheets), ,I

gm0g0 m o x oooxoooocgo . .. 00~...

0mU 00.00:40800:/E/M:00Based00:0n tota~ urnim ndHD0mde

000090P M E S oxoooA 00000000Y0WY R

NvV9119_M Al I... ~ 3.7 **g** 0 ...

U35.10.00408 S/E/M Based on total uranium and HDW model
isotopic distribution.

u 6.1E-04 S/ElM Based on total uranium and HDW model
isotopic distribution.

237Np 0.0988 M
.U 2.25 S/M Based on total alpha and HDW model

isotopic distribution.
u 0.0918 S/EM Based on total uranium and HDW model

isotopic distribution.
pU 81.2 S/M Based on total alpha and HDW model

isotopic distribution.
Am 13.4 S/M Based on total alpha and HDW model

isotopic distribution.
P 97.0 S/M Based on total alpha and HDW model

isotopic distribution.
2Cm 150 S/M Based on total alpha and HDW model

isotopic distribution.
2 0.269 S/M Based on total alpha and HDW model

isotopic distribution.
Pu 8.27E-04 S/M Based on total alpha and HDW model

isotopic distribution.
3CM 0.00345 S/M Based on total alpha and HDW model

isotopic distribution.
24Cm 0.0248 S/M Based on total alpha and HDW model

isotopic distribution.
24M0.223 S/M Based on total alpha and HDW model

_____________ __________ ______________ isotopic distribution.

Notes:

'S = sample-based, M = HDW model-based (Agnew et al. 1997a), and E = engineering assessment-based.
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4.0 RECOMMENDATIONS

The results of all analyses performed to address potential safety issues showed the primary
analytes did not exceed safety decision threshold limits. No exotherms were found in any of the
samples. The maximum total alpha value was 1.22 gCi/g for solids and 6.89 pCi/mL for liquids,
well below the threshold limits of 30.0 pCi/g and 61.5 pCi/mL. No flammable gas (0% LFL) was
measured in the tank headspace. Vapor samples showed the estimated organic pool size of 0.381
m2 ,was well below the safety limit of 1 m2.

Table 4-1 summarizes the Project Hanford Management Contractor (PHMC) TWRS Program
review status and acceptance of the sampling and analysis results reported in this TCR. All issues
required to be addressed by sampling and analysis are listed in column I of Table 4-1. Column-2
indicates by "yes" or "no" whether issue requirements were met by the sampling and analysis
performed. Column 3 indicates concurrence and acceptance by the program in PHMC/TWRS
that is responsible for the applicable issue. A "yes" in column 3 indicates that no additional
sampling or analyses are needed. Conversely, "no"indicates additional sampling or analysis may
be needed to satisfy issue requirements.

Table 4-1. Acceptance of Tank 241-TX-104 Sampling and Analysis.

%000 :gaasMs , 44 A-H N

Organic complexants MOU Yes Yes
(Schrieber 1997)
Organic solvents DQO2  Yes Yes
(Meacham et al. 1997)

Safety screening DQO Yes Yes
(Dukelow et al. 1995)

Note:

'The organic complexant safety issue was close December 1998 (Owendoff 1998).
2The-organic solvent safety issue is expected to be closed in 1999.

Table 4-2 summarizes the status of PHMC TWRS Program review and acceptance of the
evaluations and other characterization information contained in this report. Column 1 lists the
different evaluations performed in this report. Column 2 shows whether issue evaluations have
been completed or are in progress. Column 3 indicates concurrence and acceptance with the
evaluation by the program in PHMC/TWRS that is responsible for the applicable issue. A "yes"
indicates that the evaluation is completed and meets all issue requirements.
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Table 4-2. Acceptance of Evaluation of Characterization Data and
Information for Tank 241-TX-104..

c~ooxoxc.., 5 (.

MUM .. .. .. ..... MM00< M.-oOIn Marto F 9 a n Pi\( rot
04.ue Pifr c 'i .ept wo r e

Organic complexants MOU' Yes Y es

Organic solvents DQ02 Yes Yes
Safety screening DQO Yes Yes

Notes:

MOU = memorandum of understanding

'The organic complexants safety issue was closed in December 1998 (Owendoff 1998).
2The organic solvents safety issue is expected to be closed in 1999.
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APPENDIX A

HISTORICAL TANK INFORMATION

Appendix A describes tank 241-TX-104 based on historical information. For this report,
historical information includes information about the fill history, waste types, surveillance,or
modeling data about the tank. This information is necessary for providing a balanced assessment
of sampling and analytical results.

This appendix contains the following information:

* Section A1.O: Current tank status, including the current waste levels and the tank
stabilization and isolation status

" Section A2.0: Information about the tank design

* Section A3.0: Process knowledge about the tank, the waste transfer history, and the
estimated contents of the tank based on modeling data

* Section A4.0: Surveillance data for tank 241-TX-104, including surface-level
readings, temperatures, and a description of the waste surface based on photographs

" Section A5.0: References for Appendix A.

A1.0 CURRENT TANK STATUS

As of September 30, 1998, tank 241-TX-104 contained an estimated 246 kL (65 kgal) of
noncomplexed waste (Hanlon 1998). Table Al-I shows the volumes of the waste phases found in
the tank.

In 1977, tank 241-TX-104 was labeled inactive. It was interim stabilized in September 1979 and
intrusion prevention (interim isolation) was completed in August 1984. The tank is classified as a
sound stabilized tank. The tank is not on the Watch List (Public Law 101-510).
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Table Al-i. Tank Contents Status Summary.

Total waste 246 (65)
Supernatant 20.8(5.5)
Sludge . 68 (18)
Saltcake 157 (41.5)
Drainable interstitial liquid 58.7(15.5)
Drainable liquid remaining 79.5(21)
Pumpable liquid remaining 20.8 (5.5)

Note:
'See Appendix D for details

A2.0 TANK DESIGN AND BACKGROUND

The 241-TX Tank Farm was constructed between 1947 and 1948 in the 200 West Area.
Tank 241-TX-107 is one of eighteen 100 series tanks in the TX Tank Farm. These tanks have
a capacity of 2,870 kL (758 kgal), a diameter of 23 m (75 ft), and an operating depth of 7.0 m
(23 ft). Tank 241-TX-107 first went into operation in the fourth quarter of 1951. Built as
a second generation tank farm, the 241-TX Tank Farm was designed for non-boiling waste with
a maximum fluid temperature of 104 'C (220 *F). Tank 241-TX-104 is the fourth tank in the
four-tank cascade series that consists of tanks 241-TX-101 through 241-TX-104 (Brevick et al.,
1997).

This tank has a dished bottom with a 1.2-m (4-ft) radius knuckle. Similar to all other single-shell
tanks, tank 241-TX-104 was built with a primary mild steel liner and a concrete dome with
various risers. The tank is set on a reinforced concrete foundation and is covered with
approximately 2.63 m (8.62 ft) of overburden.

Tank 241-TX-104 has 22 risers according to the drawings and engineering change notices. The
risers range in diameter from 100 mm (4 in.) to 1.1 m (42 in.). Table A2-1 shows numbers,
diameters, and descriptions of the risers. A plan view that depicts the riser and nozzle
configuration is shown as Figure A2-1. Risers 9A and 13A are tentatively available for
sampling. Riser 9A is 102 mm (4 in.) in diameter and riser 13A is 305 mm (12 in.) in diameter
(Lipnicki 1997). Figure A2-2 shows the tank cross section and approximate waste level along
with a schematic of the tank equipment.
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TableA2-1. Tank 241-TX-104 Risers"2

C~~~O~~~c.~~ .-Sc .~ .c o ~ ~ x o. .o .:. ....... ,..

05E0.5 M01x~~cc WME 91§-*. VOOV0&.lg

Ri 4 Not used, covered with concrete
R2 4 Pit drain, weather covered
R3 4 Not used, covered with concrete
R4 4 Thermocouple tree
R5 12 Unused, weather covered
R6 12 SaltwelIscreen, weather covered
R7 12 Unused, weather covered
R8 4 Level gauge (ENRAFI)
R9 42 Cover plate, below grade
R9_ 4 Air filter
R9B 18 Flange
RIO 42 Cover plate, weather covered
RIQA 6 Recirculating nozzle, weather covered
RIOB 14 Sluicing nozzle, weather covered
RI1 42 Cover plate, weather covered
RI IA 4 Flange, below grade
Ri lB 18 Flange, below grade
R12 42 Cover plate, weather covered
R12A 6 Recirculating nozzle, weather covered
R12B 14 Sluicing nozzle, weather covered
R13 42 Cover plate, weather covered
RT13A- 12 Observation port, weather covered, benchmark
NI 3 Overflow outlet
N2 3 Spare
N3 3 Spare
N4 3 Inlet overflow
N5 3 Spare
N6 3 Spare

Notes:
'Alstad (1993)
2Vitro (1985)
3 fDenotes risers tentatively available for sampling (Lipnicki 1997)

1 ENRAF is a trademark of the ENRAF Corporation, Houston, Texas.
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Figure A2-1. Riser Configuration for Tank 241-TX-104.
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A3.0 PROCESS KNOWLEDGE

The sections below 1) provide information about the transfer history of tank 241-TX-104,
2) describe the process wastes that made up the transfers, and 3) estimate the current tank
contents based on transfer history.

A3.1 WASTE TRANSFER HISTORY

Table A3-1 summarizes the waste transfer history of tank 241-TX-104 (Agnew et al. 1997b).
Tank 241-TX-104 began receiving metal waste in November 1950. The tank contained metal
waste until the fourth quarter of 1956 when the tank was declared empty. The tank received
reduction oxidation (REDOX) waste between the second quarter of 1957 and the second quarter
of 1973. From the third quarter of 1973 until the first quarter of 1975, the tank received B Plant
low-level waste, plutonium uranium reduction extraction (PUREX) organic wash waste, REDOX
ion exchange waste, REDOX waste, and tributyl phosphate waste (also referred to as uranium
recovery waste). The tank received evaporator bottoms from the 242-T Evaporator from the
second quarter of 1975 until the second quarter of 1976. In the third quarter of 1976, the waste
was classified as evaporator feed. (Brevick et al, 1997).

Table A3-1. Tank 241-TX- 04 Major Transfers

241-TX-103 Metal Waste 1950-1951 2,661 703
U Plant Uranium 1954 -1366 -361

Miscellaneous Water |1954-1957 |4,620 |1,220
241-TX-106 Slurry |1954 |-2,839 -750
U Plant Uranium 1955-1956 |-3,142 -830

241-TX-103 Metal Waste 1957 68 18 -
241-TX-101 Supernatant 1963 2,706 715

241-TX-118 Supernatant 1966 -2,562 -677
241-TX-1 18 Supernatant 1966 |41.6 |11
241-TX-101 Supernatant -1966 2,411 |637

241-TX-101 Supernatant 1971 -1995 -527
Miscellaneous Water 1971 41.6 11
241-TY-103 Supernatant 1973 859 227
241-TY-101 Supernatant 1973 806 |213

241-S-110 Supernatant 1974 --2,002 |-529
241-TX-1 18 EB 1975 -4,322 -1,142

24 1-TX- 118 EB 1975-1976 6,571 1,736
241-S-102 Supernatant 1977 -2,487 -657

Notes:
EB = evaporator bottoms; a slurry from the evaporators

IAgnew et al. (1997b)
2This table does not include minor gains and losses because of evaporation or condensation therefore
transfer volumes may not be indicative of current waste volumes.
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A3.2 HISTORICAL ESTIMATION OF TANK CONTENTS

The historical transfer data used for this estimate are from the following sources:

" Waste Status and Transaction Record Summary: WSTRS, Rev. 4, (Agnew et al.
1997b) is a tank-by-tank quarterly summary spreadsheet of waste transactions.

" Hanford Tank Chemical and Radionuclide Inventories: HDW Model Rev. 4 (Agnew
et al. 1997a) contains the Hanford defined waste (HDW) list, the supernatant mixing
model (SMM), the tank layer model (TLM), and the inventory estimates.

" The HDW list is comprised of approximately 50 waste types defined by concentration
for major analyes/compounds for sludge and supernatant layers.

" The TLM defines the solid layers in each tank using waste composition and waste
transfer information.

" The SMM is a subroutine within the HDW model that calculates the volume and
composition of certain supematant blends and concentrates.

Using these records, the TLM defines the solid layers in each tank. The SMM uses information
from the WSTRS, the TLM, and the HDW list to describe the supernatants and concentrates in
each tank. Together the WSTRS, TLM, SMM, and HDW list determine the inventory estimate
for each tank. These model predictions are considered estimates that require further evaluation
using analytical data.

Based on the TLM and SMM, tank 241-TX-104 contains two layers, a layer of 178 kL (47 kgal.)
of SMMT2 waste and a layer of 68 kL (18 kgal) of Metal Waste (MW). Figure A3-1 is a
graphical representation of the estimated waste type and volume for the tank layer.
The 241-TX-104 SMMT2 layer should contain the following major constiuents listed from
highest concentration above one percent by weight: sodium, aluminum, hydroxide, nitrate, nitrite,
carbonate, and sulfate. Constituents below one percent but above 0.1 percent by weight are:
chromium, potassium phosphate, silica, fluoride ,chloride, organic carbon, and uranium. The
primary radionuclide is 137Cs and 90Sr. The 241-TX-104 MW layer should contain the following
major constituents listed from highest concentration above one percent by weight: sodium
uranium, hydroxide, carbonate, and phosphate. Constituents below one percent but above 0.1
percent by weight are: iron, calcium, nitrate, and sulfate. The primary radionuclide are 137Cs and

Sr. Table A3-2 shows the historical estimate of the expected waste constituents and their
concentrations.
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Figure A3-1. Tank Layer Model.
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Table A3-2. Historical Tank Inventor Estimate.7 (3 sheets)
S~-W

.x o o4 ..4: x~ > o.x: >: : c gm.4 o .,,:og g.ox '.,o( x . :y.. . 4c..xo, $.o>o( o o, M E> 0x *k* ~ , . . .

...>0 om. N o0 < 000>0000:000, 40xo> c:*0x00:,M.<>>.00>< .ooo aC0

Total waste 3.7E+05 (kg) (65.0 kgal) - - -

Heat load 0.291 (kW) (992 Btu/hr) - 0.262 0.319
Bulk density4  1.50 (glcc) - - 1.48 1.52

Water wt%4  45.8 - - 44.6 48.3
TOC wt% C (wet)4  0.523 - 0.270 0.777

q* ...... 00C00 ,C.>0.00000:

Cost0unt ppE kf +95 Cggm1w. 1Cx., C.OcC.:>0 X .b. ~. 1 .11 .- IN lm>~ x~cc.x~o

Na+ 8.79 1.34E+05 4.97E+04 8.09 9.13
A13+ 0.775 1.39E+04 5.14E+03 0.691 0.859
Fe3+ 3.89E.-02 1.44E+03 534 3.71E-02 4.07E-02

Cr 3
+ 6.07E.-02 2.10E+03 777 5.25E-02 6.31E-02

Bi3 + 1.20E.-03 167 61.8 1.07E-03 1.34E-03
La3+ 5.95E-10 5.49E-05 2.03E-05 4.80E-10 7.10E-10
Hg2+ 6.85E.-06 0.913 0.338 6.14E-06 7.03E-06
Zr 2.58E..04 15.6 5.78 2.33E-04 2.82E-04

Pb2+ 6.37E.-04 87.8 32.5 5.02E-04 7.72E-04
Ni2

+ 4.02E-.03 157 58.0 3.82E-03 4.42E-03

Sr2+ 0 0 0 0 0

Mn 4 1.54E.-03 56.4 20.8 1.21E-03 1.88E-03
Ca2

+ 4.38E.-02 1.17E+03 432 3.67E-02 5.09E-02
K+ 3.50E--02 911 337 3.11E-02 4.06E-02

OH~ 7.48 8.46E+04 3.13E+04 7.15 7.82
N03- 2.95 1.21E+05 4.49E+04 2.51 3.06
N02- 1.12 3.41E+04 1.26E+04 0.972 1.26

C032- 0.789 3.15E+04 1.16E+04 0.642 0.899

Po4t 0.176 1.11E+04 4.12E+03 0.113 0.223
SO42- 0.174 1.11E+04 4.1OE+03 0.138 0.205
Si 4.29E--02 801 296 3.81E-02 4.77E-02
F 5.90E-02 746 276 4.74E-02 6.93E-02
Cl~ 0.135 3.18E+03 1.18E+03 0.112 0.144

C 6H 5O73- (citrate) 1.05E--02 1.32E+03 490 9.29E-03 1.18E-02
EDTA4- 1.26E--02 2.42E+03 895 3.28E-03 2.21E-02
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Table A3-2. Historical Tank Inventory Estimate. 1'2 (3 sheets)

*xalateco.79E .1 c . 56E-05y<C~o 1.69E0500x~y<~ 7 E .4 E-

Glycolate 5.63E-02 2.81E+03 1.04E+03 3.76E-02 7.54E-02
Acetat 1.73E-03 68.1 25.2 1.40E-03 2.06E-03
Oxalat 7.797-10 4.56-05 1.69-05 7.173E-10 8.413E-10
DBP 8.517-03 1.19E+03 440 7.33E-03 9.67E-03
Butanol 8.54E-03 420 155 7.33E-03 9.67E-03
NH3  5.84E-02 660 244 4.48E-02 7.243E-02
Fe(CN) 4 0 0 0 0 0

93Z8.56E12-04 7.43E-02 2.5 6.79-0 1.63-04
9 b Og M622-06 1.03-02 4.01 7.32E-06 1734-05

3 NT 1.121-04 7.42E-02 27.6 7.44E-05 1.2E-04

ItR 3.46E1-09 2.308E-02 4.-04 2.34E-06 4.73E-09
'Cdi 4.421:--06 2.9E-02 10.292 2.76E-07 1.23E-05
63b 7.16E-04 7.72E-02 28.9 3.24E-05 1.27E-05

60co 1.76-05 1.17E-02 4.33 7.37E-06 1.89E-05
79Se 1.741-06 1.163E-03 0.429 1.17E-06 2.15E-06

Sr 6.071-02 40.4 1.49E+04 5.70E-02 6.35E-02
Cs 6.0717-02 40.4 1.49E+04 4.104-02 6.35-02

9 3Zr 8.56E-06 5.69E-03 2.11 5.703-06 1.06E-05
_ _m_ _ _ 6.221-06 4.13E-03 1.53 4.22E-06 7.64E-06
99Tc 1.1113-04 7.40E-02 27.4 7.80E-05 1.45E-04

10 u3.46E-09 2.303-06 8.52E-04 2.14E-09 4.033-09
113m Cd 4.42E-05 2.94E-02 10.9 2.703-05 5.63E-05

12 b7.68E-05 5.113E-02 18.9 3.24E-05 8.273-05

E2 2.63E-06 1.753E-03 0.648 1.78E-06 3.24E-06
1291 .2.15L-07 1.433-04 5.283-02 1.50E-07 2.80E-07

14S2.01 1-706 1.333-03 0.493 1.30E-06 2.72E-06
137cS 0. 165 110 4.063+04 0.140 1.190
l3lmBa 0. 156 104 3.843+04 0.133 0.180

11M6.15E-03 4.09 1.51E+03 4.153-03 7.56E-03
12U2.301-06 1.5 33-03 0.566 1.59E-06 2.81E-06

1s4EU 3.03E-04 0.201 74.5 1.60E-04 3.75E-04
issEu 1.39E-04 9.26E-02 34.3 9.72E-05 1.71E-04
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Table A3-2. Historical Tank Inventory Estimate.1'2 (3 sheets)
M"MMM.*goooooA RO'NooONEMPOxooo4o

., .~ .... xc~o MWo M8' 10O

10( 000(:> Y-- .. >$- NOW > 0*~ 0>>>*T ne rE m
1Ra S18E-10 7.83E-08 2.90E-05 8.82E-11 2.07E-10

"8 Ra 1.19E-07 7.92E-05 2.93E-02 4.55E-08 2.09E-07
AC 6.12E-10 4.07E-07 1.50E-04 5.09E-10 1.13E-09
Pa 2.38E-09 1.59E-06 5.87E-04 1.81E-09 2.84E-09

229nh 2.76E-09 1.84E-06 6.79E-04 1.15E-09 4.74E-09
32Th 7.32E-09 4.87E-06 1.80E-03 3.25E-09 1.14E-08
32U 5.97E-07 3.97E-04 0.147 3.02E-07 9.58E-07
33u 2.29E-06 1.52E-03 0.563 1.16E-06 3.67E-06
24u 3.86E-05 2.56E-02 9.49 3.84E-05 3.87E-05
235u 1.73E-06 1.15E-03 0.426 1.73E-06 1.74E-06
236u 2.59E-07 1:72E-04 6.37E-02 2.58E-07 2.60E-07

u 3.91E-05 2.60E-02 9.63 3.90E-05 3.92E-05
237Np 4.01E-07 2.67E-04 9.88E-02 2.92E-07 5.12E-07

8 Pu 7.38E-07 4.91E-04 0.182 6.1OE-07 8.67E-07
"Pu 2.66E-05 1.77E-02 6.55 2.33E-05 3.83E-05

240PU 4.39E-06 2.92E-03 1.08 3.78E-06 5.07E-06
241PU 4.91E-05 3.27E-02 12.1 4.04E-05 5.79E-05
242pU 2.71E-0 1.80E-07 6.67E-05 2.19E-10 3.23E-10
241AM 3.18E-05 2.11E-02 7.82 2.57E-05 3.78E-05
24_m 1.13E-09 7.51E-07 2.78E-04 8.76E-10 1.42E-09
242Cm _8.82E-08 5.87E-05 2.17E-02 5.92E-08 1.08E-07
243Cm 8.13E-09 5.41E-06 2.OOE-03 5.36E-09 9.88E-09

24M7.30E-08 4.86E-05 1.80E-02 4.45E-08 8.89E-08

>:/... W . > > 0,00. .

Pu 3.69E-04 (g/L) n/a 9.07E-02 3.07E-04 5.59E-04
U 0.491 7.76E+04 2.87E+04 0.489 0.492

Notes:
CI = confidence interval

'Agnew et al. (1997a)
2These predictions have not been validated and should be used with caution.
'Unknowns in tank solids inventory are assigned by the TLM.
4This is the volume average for density, mass average water wt% and TOC wt% carbon.
'Differences exist among the inventories in this column and the inventories calculated from the two sets of
concentrations.
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A4.0 SURVEILLANCE DATA

Tank 241-TX-104 surveillance consists of surface-level measurements (liquid and solid) and
temperature monitoring inside the tank (waste and headspace) and leak detection well (dry well)
monitoring for radioactivity outside the tank. Surveillance data provide the basis for determining
tank integrity. Liquid-level measurements can indicate whether the tank has a major leak. Solid
surface-level measurements indicate physical changes in and consistencies of the solid layers of a
tank. Dry wells located around the tank perimeter may show increased radioactivity because of
leaks.

A4.1 SURFACE-LEVEL READINGS

An automatic Food Instrument Corporation (FIC) gauge set in intrusion mode was used to
monitor the surface level through riser 8 until January 1996. Manual and automatic ENRAF'
gauges replaced the FIC gauge starting in April 1996 and September 1996 respectively.
Automatic ENRAFm readings are taken daily and manual ENRAFm readings are taken
quarterly. The surface-level plot indicates a relatively steady waste level from January 1991 to
January 1994 with FIC readings ranging from 77.98 cm (30.7 in.) to 83.82 cm (33 in.) (Brevick et
al 1997). The surface level on September 30, 1998 was 83.1 cm (32.7 in). Figures A4-1 and A4-
2 show the surface level history from 1954 to present. Discrepancy reports were issued on the
June 1996 surface level measurement and on high surface level measurements taken between May
and August 1997. All discrepancies were attributed to instrument error, and were resolved by
flushing and calibrating the displacer for the ENRAF gauge.

Tank 241-TX-104 has no liquid observation well, but it has six identified dry wells. Dry well
51-04-05 is active with readings below 200 counts/sec. Dry well 51-04-02 was active before
1990 but currently has readings below 50 counts/sec (Brevick et al 1997).

A4.2 INTERNAL TANK TEMPERATURES

Tank 241-TX-104 has a single thermocouple tree with 14 thermocouples to monitor the waste
temperature through riser 4. In the past, other risers and equipment have been used to monitor
the temperature in the tank (Brevick et al. 1997). Thermocouple I is 29.9 cm (0.982 ft) from the
tank bottom and is the only thermocouple that measures waste temperature. Thermocouples 2
through 10 are spaced at 61-cm (2-ft) intervals above thermocouple I and measures dome space
temperatures. Thermocouples 10 through 14 are at 1.22 m (4 ft) intervals (Tran 1993).

Temperature data for the first 12 thermocouples recorded from November 1975 to October 1998
were available from the surveillance analysis computer system. Thermocouples 13 and 14 had
only two data points each and were not plotted. Within this time span, there was one large break
and several small breaks that occurred in the temperature data sequence for all of the
thermocouples. The large break occurred between November 1983 and August 1994.

The maximum temperature was 58.3 *C (137 *F) taken by thermocouples 8,9 and 10 on
November 5, 1975. The minimum temperature was 10 *C (50 *F) taken by thermocouple I on
August 15, 1982. The average tank temperature for all the thermocouples from November 5,
1975 to September 30, 1998 is 20.0 *C (68 *F) (Brevick et al. 1997). Only thermocouple 1 is in
the waste, all other temperatures are headspace measurements. Figure A4-3 is a graph of the
weekly high temperature.

'ENRAF is a trademark of ENRAF Corporation, Houston, Texas.
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A4.3 TANK 241-TX-104 PHOTOGRAPHS

The October 1984 photographic montage of tank 241-TX-104's interior shows a dark surface of
supernatant surrounded by a tan-colored saltcake. The tan-colored saltcake crust covers nearly
the entire right half of the tank surface. In the foreground, a recirculating nozzle can be seen.
A Food Instrument Corporation (FIC) level probe and a temperature probe can be seen in the
background. The bright light near the center of the tank is the reflection from the camera light.
Although the photographs were taken in 1984 they should be representative of the current
contents of the tank because no transfers have occurred since the photographs were taken
(Brevick et al. 1997).
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Figure A4-2. Tank 241-TX-104 Current Surface Level Measurements
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Section A4. 1).
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Figure A4-3. Tank 241-TX-104 High Temperature Plot.1
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'No temperature measurements were obtained between May 1983 and July 1994.
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APPENDIX B

SAMPLING OF TANK 241-TX-104

Appendix B provides sampling and analysis information for each known sampling event for tank
241-TX-104 and assesses sample results. It includes the following.

* Section B.O: Tank Sampling Overview

* Section B2.0: Sampling Events

* Section B3.0: Assessment of Characterization Results

* Section B4.0: Appendix B References

B1.0 TANK SAMPLING OVERVIEW

This section describes the sampling and analysis events for tank 241-TX-104. Core samples were
taken in February 1998 to satisfy the requirements of the Tank Safety Screening Data Quality
Objective (Dukelow et al. 1995), and the Memorandum of Understandingfor the Organic
Complexant Safety Issue Data Requirements (Schreiber 1997). Core sampling and analyses were
performed in accordance with the Tank 241-TX-104 Core Sampling and Analysis Plan (McCain
1997). Further discussions of the sampling and analysis procedures can be found in the Tank
Characterization Reference Guide (DeLorenzo et al. 1994). Vapor samples were taken May 5,
1997 to satisfy the requiremen s of the Data Quality Objective to Support Resolution of the
Organic Solvent Safety Issue (Meacham et al. 1997) and the Data Quality Objectives for Tank
Hazardous Vapor Safety Screening (Osborne and Buckley 1995).

Historical samples for tank 241 -TX-104 are described in Section B2. 3.

B2.0 SAMPLING EVENTS

This section describes sampling events. Tables B2-6 through B2-48 show analytical results. The
February 1998 core sample results and May 1997 vapor sample results were used to characterize
current tank contents. Historical sampling results are discussed in Section B2.3. Table B2-1
summarizes the sampling and analytical requirements for tank 241-TX-104.
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B2.1 1998 CORE SAMPLING EVENT

A vertical profile was used to satisfy the safety screening DQO (Dukelow et al. 1995). safety
screening analyses included: total alpha activity to determine criticality, DSC to ascertain the fuel
energy value, and thermogravimetric analysis (TGA) to obtain the moisture content. In addition,
combustible gas meter readings in the tank headspace were performed to measure tank headspace
flammability. The safety screening DQO required bulk density measurements and
the organic complexants safety issue required DSC analyses. Although no exotherms were
observed, total inorganic carbon (TIC) and TOC analyses were conducted for this issue. To
assess possible hydrostatic head fluid intrusion, lithium by inductively coupled plasma
spectroscopy (ICP) and bromide (IC) analyses were conducted.

Table B2-1 summarizes the sampling and analytical requirements for applicable issues.

Description of Core 230. Three push mode core segments were removed from tank
241-TX-104, riser 9A, on February 18, 1998 and sent to the 222-S Laboratory on February 19,
1998. Two segments were expected for this core. However, because of poor sample recovery
and a hard layer resulting in high downforces, an additional segment was taken and identified as
segment 2A. Table B2-2 summarizes the extrusion information.

Description of Core 231. Four push mode core segments were removed from tank
241-TX-104, riser 13A, between February 19 and February 23, 1998. Samples were received by
the 222-S Laboratory on February 24, 1998. Two segments were expected. However, because
of poor sample recovery and a hard layer resulting in high downforces, additional segments were
taken and identified as segments 2A and 2B. Table B2-2 summarizes the extrusion information.

Field Blank. A field blank was provided to the 222-S Laboratory with core 230. It underwent
the same analyses as the drainable liquid as indicated in the tank sampling and analysis plan
(McCain 1997).

Hydrostatic Head Fluid. A sample of the hydrostatic head fluid lithium bromide solution was
provided with core 230 and analyzed by IC and ICP.
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Table B2-1. Integrated )Data Quality Objective Requirements for Tank 24 1-TX- 104.'

Push mode Safety screening Core samples from a Flammability,
core sampling - Energetics minimum of two risers energetics, moisture,

- Moisture content separated radially to the total alpha activity,
- Total alpha. maximum extent possible. density, anions,
- Flammable gas cations

Dukelow et al. (1995) Combustible gas
measurement

Organic complexants
Schreiber (1997)

Vapor Organic solvents Steel canisters, triple Flammable gas,
sampling Meacham et al.(1997) sorbent traps, sorbent trap organic vapors,

systems permanent gases
Hazardous vapor screening,
1 Osborne and Buckley (1995)

Note:
'McCain (1997)

B2.1.1 Sample Handling

The push mode samples were shipped to the 222-S Laboratory for subsampling and analysis.
Samples were assigned LABCORE numbers and were visually inspected for color, clarity, and
solids content. The radiation (lose rate on contact was also measured. Drainable liquid (and liner
liquid, when present in sufficient amount) was collected and clarified by centrifugation. Segments
containing solids were divided into upper and lower half segments. Sample extrusion and
subsampling descriptions for cores 230 and 231 are presented in Table B2-2.
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Table B2-2. Tank 24 -TX- 104 Subsampling Scheme and Sample Description.'

:0. ~s. t*s urry. Liquid (120%mL)0was

.xV~k~k0.X:k$0(b.own ,and.0paqu...4N.....ga.ic

230:9A230-02 12.9 Lower half Approximately 10 cm (4 in.) of

168. Drainable liquid grky brond solids resembling a

salt slurry. Liquid (20 mL) was
br and opaque. No organic

____ ____ __ _ ____ ___layer observed.

230-2A 26.0 Lower half Approximately 7.0 cm (8 in.) of

w.Driaer sds ie solisrsmwnt

wsludge. NLdanl iquid.mL a230:3A 230-01 16.9 Lower half Approximately 7.6 cm (3 in.) of

116.3 Drainable liquid black solids resembling a salt
slurry. Liquid (100 mL) was dark
brown and opaque. No organic
layer observed.

231-02 67.0 Lower half Approximately 7.6 cm (3 in.) of
97.9 Drainable liquid gray and white solids resembling a

salt slurry. Liquid (75 mL) was
dark brown and opaque. No
organic layer observed.

231-2A 47.2 Lower half Approximately 5 cm (2 in.) of
184.1 Drainable liquid gray and white solids resembling a
51.1 Liner liquid salt slurry. Liquid was olive

green and opaque. No organic
layer observed. Liner liquid was
hydrostatic head fluid.

23d1-2B 0.0 n/a Less than 2 mL of liquid. Not
retained. No solids.

Note:
'Steen (1998)
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B2.t.2 Sample Analysis

Samples and subsamples from cores 230 and 231 were analyzed to satisfy requirements for safety
screening and organic complexant safety issues. Analyses included total alpha activity, energetics,
water content, flammable gas, TOC, TIC, bulk density, specific gravity, IC and ICP. Samples
were separated for analysis at the half-segment level where both drainable liquid and solids were
present.

Solids analyses were performed by the laboratory on homogenized samples, and liquids were
measured directly. Weight percent water was determined by TGA. The fuel content of the waste
was determined by DSC and metals were measured using ICP. Before analysis, solid subsamples
were prepared by a fusion and an acid digest. Anions were measured on water-leached samples
using IC. Total organic carbon was measured using hot persulfate oxidation. Total alpha activity
and gamma energy analyses were performed on fusion-digested samples, and density was
measured using centrifugation.

Table B2-3 lists the approved analytical procedures used for reported analyses,and Table B2-4
summarizes the sample portions, sample numbers, and analyses performed on each sample.

'Fable B2-3. Analyical Procedures.'

Energetics Differential scanning LA-514-113
calorimetery LA-514-114

Percent water Thermogravimetric analysis LA-514-114
Total alpha activity Alpha proportional counter LA-508-101
Flammable gas Combustible gas analysis WHC-IP-0030 IH 1.4 and

IH-2. 12

TOC/TIC Persulfate oxidation LA-342-100
coulometry

Metals Inductively coupled plasma LA-505-161
atomic emission spectrometry

Anions Ion chromatography LA-533-105
Bulk density Gravimetry LA-519-132
Specific gravity Gravimetry LA-508-101

Notes:
'Steen (1998)
2WHC(1 992)
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Table B2-4. Sample Analyses Summary'(2 sheets)

M~ ~~ . % E e . .....

M0 . ......

*,jc..oO M wt- % 6 . ....... ~ .o~.oxxc

Lower half

Drainable liquid

Lower half

Drainable liquid

S98T000649 DSC, TGA

S98T000672 Total alpha

S98T000681 ICP (acid)

S98T000687 IC (water)

S98T000614

S98T000665

S98T000667

S98T000654

Bulk density

DSC, TGA, specific gravity,
Total alpha
ICP, IC

DSC, TGA

S98T000678 Total alpha

S98T000684 ICP (acid)

S98T000688 IC (water)

S98T000640

S98T000666

S98T000668

Bulk density

DSC, TGA,
Total alpha
ICP, IC

specific gravity,

2A Lower half S98T000655 DSC, TGA

S98T000679 Total alpha

S98T000685 ICP (acid)

S98T000689 - IC (water)

S98T000641 Bulk density
x>XoM0.1,1.:

NON t 1 co1 i M (gA6&c C. xom ggag -

Lower half S98T000743 DSC, TGA

S98T000749 Total alpha

S98T000752 ICP (acid)

S98T000755 IC (water)

S98T000740 Bulk density

Drainable liquid S98T000761 DSC, TGA, specific gravity,
Total alpha

S98T000764 ICP, IC
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Table B2-4. Sampe Analyses Summar ( sheets)
(0X0X0X0~~ Z. ONXCO Rc~c~.x:, 0'OMX 0~0oMoM t. C .OOOO CC.~

m 00M0C0> 10~ MR~~%.$Y IN ~ r~x
0

: -----
N'

T M
'~~~NO W' 100x (0.<xoo ~xooxox [~oooo

MIN x0xCxC~xxxx.~~~xx~0.0YMT0y ~0~~0
0(00(0>0(0 ~ ~ ~ ~ Mx0(0OMx(0ooO c0I~~xx~(x~x(

,:(:(.0.Z .. .W00:0.0 000 0.'- A0~0 ., . . ,'(~: (:0 000 0000 00000(:(x000(0M:EN0
r o t .x000* %~%

0 0
..

0 0 0
Ct.,. azoz.or.~.S fl .0000::0000 0000.00xO~o 00 :0:000:,:0000:.$~0($ .0~ '$ > b~u~o~aS* r~n i. 0:. :0:0:00:.0000000:000008 00,8 00:0000No00

Lower half

Drainable liquid

Lower half

Drainable liquid

S98T000744 DSC, TGA

S98T000750 Total alpha

S98T000753 ICP

S98T001733 IC

S98T000741

S98T000762

S98T000765

S98T000745

Bulk density

DSC, TGA, specific gravity,
total alpha
ICP, IC

DSC, TGA

S98T000751 Total alpha

S98T000754 ICP (acid)

S98T000757 IC (water)

S98T000742

S98T000763

S98T000766

Bulk density

DSC, TGA, specific gravity,
total alpha
ICP, IC

B2.1.3 Analytical Results

This section summarizes the sampling and analytical results associated with the February 1998
sampling and analysis of tank 241-TX-104. Table B2-5 shows the table numbers for the total
alpha activity, percent water, energetics, IC, and ICP analytical results associated with this tank.
These results are documented in Steen (1998).
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Table B2-5. Analytical Tables.

^~ . 1 ; I 41

Inductively coupled plasma atomic emission spectroscopy B2-8 to 44
Ion chromatography B2-45 to 52
Bulk density B2-53
Specific gravity B2-55
Percent water by thermogravimetric analysis B2-54
Total alpha B2-56 and 57
Total organic carbon by persulfate B2-59
Total inorganic carbon B2-58

The quality control (QC) parameters assessed in conjunction with tank 241-TX-104 samples were
standard recoveries, spike recoveries, duplicate analyses, relative percent difference (RPDs), and
blanks. The QC criteria are specified in the Sampling and Analysis Plan (McCain 1997). Sample
and duplicate pairs in which any QC parameter was outside these limits are footnoted in the
sample mean column of the following data summary tables with an a, b, c, d, e, f, or g as follows.

" "a" indicates the standard recovery was below the QC limit.
* "b" indicates the standard recovery was above the QC limit.
* "c" indicates the spike recovery was below the QC limit.
* "d" indicates the spike recovery was above the QC limit.
* "e" indicates the RPD was above the QC limit.
* "f" indicates blank contamination.
" "g" indicates serial dilutions were within the QC limits.

In the analytical tables in this section, the "mean" is the average of the result and duplicate value.
All values, including those below the detection level (denoted by "<") were averaged. If both
sample and duplicate values were nondetected, or if one value was detected while the other was
not, the mean is expressed as a nondetected value. If both values were detected, the mean is
expressed as a detected value.

B2.1.3.1 Total Alpha Activity. Analyses for total alpha activity were performed on the samples
recovered from tank 241-TX-104. The samples were prepared by fusion digestion. Two fusions
were prepared for each sample (for duplicate results). Each fused dilution was analyzed twice,
and the results were averaged and reported as one value. The highest results returned were
1.22 tCi/g for core 230, segment 1 lower half and 6.89 gCi/mL for core 231, segment 1 drainable
liquid.

B2.1.3.2 Thermogravimetric Analysis. Thermogravimetric analysis measures the mass of
a sample as its temperature is increased at a constant rate. Nitrogen is passed over the sample
during heating to remove any released gases. A decrease in the weight of a sample during TGA
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represents a loss of gaseous matter from the sample, through evaporation or through a reaction
that forms gas phase products. The moisture content is estimated by assuming that all TGA
sample weight loss up to a certain temperature (typically 150 to 200 *C [300 to 390 *F]) is caused
by water evaporation. The temperature limit for moisture loss is chosen by the operator at an
inflection point on the TGA plot. Other volatile matter fractions can often be differentiated by
inflection points as well.

The weight percent water TGA results ranged from 36 percent to 51.5 percent in the solid
samples and from 47.8 to 53.8 percent in the drainable liquid samples.

B2.1.3.3 Differential Scanning Calorimetry. In a DSC analysis, heat absorbed or emitted by
a substance is measured while the sample is heated at a constant rate. Nitrogen is passed over the
sample material to remove any gases being released. The onset temperature for an endothermic
or exothermic event is determined graphically.

No exothermic reactions were noted in any of the samples.

B2.1.3.4 Inductively Coupled Plasma. Samples were prepared by acid and fusion digestion.
Although a full suite of analytes was reported, only lithium was requested for the safety screening
DQO. All other analytes are considered "opportunistic" and do not have customer-defined QC
parameters. The primary ICP analytes detected were aluminum and sodium; other analytes
observed at concentrations above detection limits were chromium, iron, phosphorous, calcium,
potassium, magnesium, and silicon.

Lithium values analyzed were below detection levels for all solids and drainable liquids analyzed.

B2.1.3.5 Ion Chromatography (Ions). Samples were prepared by water digest. Although a full
suite of analytes was reported, only bromide was requested for the safety screening DQO. All
other analytes are considered "opportunistic" and do not have customer-defined QC parameters.
The primary ICP analytes were nitrate and phosphate. Chloride, nitrite, fluoride, and sulfate were
also detected. Bromide was below detection levels in all solid and drainable liquid samples.

B2.1.3.6 Specific Gravity and Bulk Density. Specific gravity and bulk density were measured
on direct samples. The solids bulk density values ranged from 1.59 to 2.05 g/mL. The specific
gravity values for drainable liquid samples ranged from 1.40 to 1.58. No quality control
parameters were defined for the bulk density analysis.

B2.1.3.10 Total Inorganic Carbon/Total Organic Carbon. Total inorganic carbon/total
organic carbon (TIC/TOC) analyses by persulfate oxidation/coulometry were performed on direct
subsamples. The analyses were not required for the organic complexants DQO because no
exotherms were observed. As a result, the TIC/TOC analytical results are considered
"opportunistic" and QC parameters were not assessed. Solids TOC results ranged from 315 to
2,750 pgC/g. Liquids TOC results ranged from 1,190 to 1,510 ggC/mL.
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B2.2 VAPOR PHASE MEASUREMENT

Before the February 1998 core sampling of tank 241-TX-104, a vapor phase measurement was
taken. Vapor phase measurements (industrial health and safety field managements) were also
taken in July 1996 and May 1997. Vapor samples were taken on May 5, 1997. These
measurements supported the hazardous vapor safety screening DQO (Osborne and Buckley 1995)
and the organic solvents DQO (Meacham et al. 1997). The vapor phase screening was taken for
flammability issues. The vapor phase measurements were taken 6.1 m (20 ft) below riser 13A in
the tank headspace. The results of the vapor phase measurements are provided in Tables B2-6
and B2-7.

Table B2-6. Results of Headspace Measurements of Tank 241-TX-104.
oxooy S ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . .c*0~~x0~0X .. .O .....*o*?xo.~ooo. ~> .~

Mxyge 21E NMm 2M.8%

Amm ni :$ 1,.00 ppm .o<5 ppm 150X pm

---- -.. ooooO..00 . .....3lb4~J ... . ~~ ~ o ,o MM00. . 0 0

Total organic carbon 1.5 ppm 1.5 ppmv 1.2 ppmv

Lower flammability limit 0% <1% 0%
Oxygen 21 Nm . 20.8%
Ammonia 100ppm H <5 ppmv 150 ppmv

Table B2-7. Results of May 5, 1997 Headspace Vapor Sample Measurements."12
:UMW0Mgugmofoo gg jo g..0033>.S

0 
Re-*020-'8080808080' "-I . . .

Pemaet ass SU M~ aiste H2 gram ppmv lfl02 <7 50:pmv

CH4 <50 ppmv

N20 <50 ppmv
TNMOC SUMMAm canister TNMOC 1.39 mg/m3 at 25*C

Notes:
TNMOC = total non-methane organic carbon

1Duchsherer et al. (1997), also many organic compounds detected.
2 SUMMA is a trademark of Molectrics, Inc., Cleveland, Ohio.
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B2.3 DESCRIPTION OF HISTORICAL SAMPLING EVENTS

Limited data are available for fbur liquid grab samples for tank 241-TX-104. These samples
were analyzed in September 1965, September 1974, September 1976, and February 1977. The
tank has since been interim stabilized and contains no supernatant. Therefore, these samples are
not likely representative of current tank contents and were not included in this report. References
to these historical sampling events are included in Appendix E.

PUSH CORE DATA TABLES

Table B2-8. Tank 241-TX-104 Analytical Results: Aluminum (ICP).
> - on 4 0 0o 0 -111. mx~oo ango Wt$$ .CO$* ...... .. ox.- 0,x0:>~0±.

:900 68 C .ore , 2 01 0: Lower a ,5. 3,4 . 3400.C.
92 a00 ha0f 4,160 4,490 4,330

S98T0681 Core 231: Lower half 930,00 32,400 88,o00o:

S98T000754 Core 230:2 Lower half 1.3E05 64,600 51,405*0 $'C'

S98T00067 Core 230:1 Lower half 3,00 33,490 ,30

598T00068 Core 230:2 Loralf ui 3205 .000 3137E05:

S98T000754 Core 23 1:1 Loralf 4iui ,160 4,490 4,3,60c

S98T000753 Core 231:2 Lower half 93,600 82,300 88,000

S98T000754 Core 231:2A Lower half 38,100 64,600 5 2,90

S90066 Core 23:irias iui ,0 ,9,0

S98T000668 Core 230:2 Drainable liquid 3,220 .3,040c~

S98T000764 Core 23 1: 1 Drainable liquid 3,760 3,610 ,9Qd

S98T000765 Core 231:2 Drainable liquid 12,850 12,890 12,870

S98T000766 Core 231 :2A Drainable liquid 12,900 13,030 1 2,970
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Table B2-9. Tank 241-TX-104 Analytical Results: Antimony (ICP).
N98WM 68 C.re 230:1 .ower ha0f <5. <36.5.<36

:S80 3(0040Cor 230:2 Lowe half 4 .0<4.<32<37

S9T0084or 3:2*oerhl <33.1 <31.9 <32.5%%*'~ ~
0980075 Core44231:0,04L0wer half <35. 4/ <30040... <35

.... .. C 
2 ~ OF gmgFl5$0M: Hk Ho . . &toooO«O*~0 .: . . . .0... . . .. . HI.

S98TO06875 Core 2301 Lower half <32.6 <32.5 <32.

S98T068754 Core 230:2 Lower half <35.4 <33.62 <33.

S98TO068 Core 230:2A rnalfid <33.1 <31.9 <32.5

S98T000764 Core 231:1 Lowerhalf <35. <36.5 <36

S98T00064 Core 230:2 Lowraalf ii <34.1 <33.2 <33.7

S98T000665 Core 230:2A Lowraialfii <33.1 <31.9 <32.5

S98T000752 Core231:1 Lower half <35.4 <34.5 <35u.

S98T000753 Core 231:2 Lower half <32.5 <32.1 <32.3

S98T000754 Core 231:2A Lower half <35.4 <35.6 <35.5

S98TOO0764 Core 23 1:2A Lralf li <36.9 <39.1 <39.1S98TO0066 Core 230:1A Drainable liquid <36.1 <36.1 <36.1

00404:Table]B2-10. Tank 241-TX-104 Analytical Rsults: Arsenic (IP. sheets) 0o440

M N x-p 8%.>r$O4*0<80 ,0.0 I$5~.5. M><
0

~444 . 00000 555
A.1-1 OMM OM mn 5 M00- 440*. 8000.h0400 ....o ~ 8 oo$$ ~ o~~

40x' .... . 0c 1 :.9(:00 gog: *8 0.* vw <0004440 0<44 0 m
ME< '00050 o<-r0o40oNs*O04 P0 o55000 or*5.. .<450.00 5 ~o.00..400OOR *0

..... 4 .< o . :.4<0.... .4 0. 0g0 000MM ____________ mg_________
-01er04. >50:$ 4%w* 8 .......... g... $, ~ 0458

S9TO08 Cr 23:2 Lower058 half <55.2T0 <53.2 454.2

S98TO0068 Core 2301:1 Lower half <594 <60.9 <60.1

S98T000753 Core 23 1:2 Lower half <54.1 <53.5 <53.8

S98T000754 Core 231:2A Lower half <58.9 1<59.3 <59.1
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Table B2-10. Tank 241-TX-104 Analytical Results: Arsenic (ICP). (2 sheets)
ISBN99.x:o :IN**9~ : --b0M

> 
HH§011 a -.

.~~~~~~~9o- ...... 9.....9:>099(9999:: 9(9C \0..9&>09999 .:999>(:>((99: 999.9,99,9~~~9999.9~~~~~~ .o .o.r:.~.oo .99 .o> .u 
>  

.99 ...0 .:099 9. 09 99M M O ..'.,Mb W %9.9: :9 ( (9. .9 . 9. .

S98TOO0667 Core 230:1 Drainable liquid <60.1 <60.1 <60.1

S98TOO0668 Core 230:2 Drainable liquid <60.1 <60.1 <60.1

S9T074Core 23 1:1 Drainable liquid <60.1 <60.1 <60.1

S9T075Core 231:2 Drainable liquid <60.1 <60.1 <60.1

S9T076Core 231:2A Drainable liquid <60.1 <60.1 <60.1

TableIB2-11. Tank 241-TX-104 Analytical Results: Barium (ICP).

M. .........

Sampup Mapl SaMIpS MINi

_______ HIS 0999998 99m 0ME
.9*4 xo9 :99990 ,:.99A:9 .:9 .:999:y9 .0999999999. .:09(9......9 ..... ... O RE M B

S98T000681 Core 230:1 Lower half <29.7 <30.4 <30

S98TOO0684 Core 230:2 Lower half <28.4 <27.7 <28

S98T000685 Core 230:2A Lower half <27.6 <26.6 <27.1

S98T000752 Core 231:1 Dower half <29.5 <28.8 <29.1

S98TOO0753 Core 231:2 Lower half <27.1 <26.7 <26.9

S98TOO0754 Core 231:2A Lower half <29.5 <29.7 <29.6

Liquid g/p/m gm

S98TOO0667 Core 23 0.1 Dramnable liquid <30.1 <30.1 <30.1

S98T000668 Core 230:2 Drainable liquid <30.1 <30.1 <30.1

S98T000764 Core 231:1 Drainable liquid <30.1 <30.1 <30.1

S98TTb0765 Core 231:2 Drainable liquid <30.1 <30.1 <30.1

S98TOO0766 Core 231:2A Drainable liquid <30.1 <30.1 <30.1
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Table B2-12. Tank 241-TX-104 Analytical Results: Be olium (ICP).

tS98To0068tooCoreoo23o:1oLower half <2.97 <3.04 <30000 -0000.

0>s v~0~ o~xo~.&<o. :oW,: -8o.......
7

.... ooooo.~

.~t0 0 . % j *~ .. o . .. 1 I

_____________ _ RS HI .o .> ... .... . I ..

S98T000681 Core 230:1 Lower half <2.94 <2.77 <2

S98T000684 Core 230:2 Lower half <2.84 <2.77 <2.8

S98T000685 Core 230:2A Lower half <2.76 <2.66 <2.71

S98T000752 Core 23 1:1 Lower half <2.95 <2.88 <2.92

S98T000753 Core 231:2 Lower half <2.71 <2.67 <2.69

S98TOO0667 Core 230:2 Drainable liquid <3 <3 <3

S98T00648 Core 230:2 Drainable liquid <3 <3 <3

S98TOO0764 Core 23 1:21 Drainable liquid <3 <3 <3

S98TOO0765 Core 231:2A Drainable liquid <3 <3 -<3
S98T000754 Core 231:2A Lower half <2.95 <293 <296

TablB2-1. Tnk 21-TX104Analtica suts: is0 (ICP). ( s eet0

MO o-*S* .. 0 F 'to.xoooo'.. ~~A,.oo00
0g x70..00: o

,
,*o 00 o*, .7>.(:.0C>7007v(oo± . ~ o o 0 0.00

40XM*. M70dC: 00000 M/0&oO.0A/A0f o .?10 .O .... .

S98TOO0667 Core 230:1 Dowrnale liui 93 335 3

S98TO00684 Core 230:2 Dowrnalefiqi <36. <553 <36

S98TOO0764 Core 231:1 Dowrnalf liqui 783 <34<

S98T0007653 Core 231:2 Dowrnalefiqi <34. <3. <53.

S98T000766 Core 231 :2A Dowralefiqi <38. <593 .<39.
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Table B2-13. Tank 241-TX-104 Analytical Results: Bismuth (ICP). (2 sheets)

.: ... .0 .... .... ..... .000 .... 0 :00:g m A..

S98T1:0764 Core 23.1:1 Drainable liquid <60.1 <60.1 <60.1

S98TOO0765 Core 231:2 Drainable liquid <60.1 <60.1 <60.1

S98TOO0766 Core 231:2A Drainable liquid <60.1 <60.1 <60.1

INM I "^. . . . .0 .000 0C O W00 I0>00~0,:00

w9T001Cre2 r: owe :al 0002030:0 00 59: 14

S9T064 C/e20: oe half 119147 133

S9T-05 Cr:21200erhl4.54.3.9

m9T 6 Cm 2 -ri... 48. 46.

S98T000668 Core 230:2 Drainable liquid <60. <60.1 <0.1
S98T000764 Core 231:1 Drainable liquid 6.1 <4.1 <6.1

S98T000765 Core 231:2 Drainable liquid <.1 47.1 46.1

S98T000766 Core 231:2A Drainable liquid 46.1 <.1 4.7<

Table~~~~~~~~~~ ~~~~~ 421.'ak211-0 nltcl eut:Brn(C) _____

0000<0:00:~. 30000000.0.9*000 40. 00000000000000$ ~ ~ o ~ 0 S *0*00000>0-

S9 8. . 0067Cor 20: 00000'>l liquido 45. 408. 46 . ..

S900,8O~O
0

68 Core 230:2~oo oM"inal liuid'4 5 . 3If~ 5fWO0.1______

S98T00661 Core 23012 Loralf qi 123. 1597
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Table B2-15. Tank 241-TX-104 Analyiical Results: Cadmium (ICP).

M9T.05 Cr 21:1 Lwer half <2.9 3.05 <3fl 0
S98T00c73cCore 3x:2 Lowr hacfc.7103.834.27cc'

W E~ ccccc M. ..r .c..cccc~ .~.oococ~cxcc~ ,.cc&.scccc ccccc ..................cc.O

sc~smcc ..... . cx ........ a .xcc

ccccc~ccccccccmZgt &* c xc .1~~~c.~~

S98T000681 Core 230:1 Lower half 8.81 8.01 8.41

S98T000684 Core 230:2 Lower half <2.84 <2.77 <2.8

S98T000685 Core 230:2A Lower half <2.76 <2.66 <2.71

S98T000752 Core 231:1 Lower half <2.95 3.05 <3

S98T000753 Core 231:2 Lower half 4.71 3.83 440*

S98T000754 Core 231:2A Lower half <2.95 <2.97 <2.96
Mmxc cccccc& ag g ......

S98T000667 Core 230:1 Drainable liquid <3 <3 1<3

S98T000668 Core 230:2 Drainable liquid <3 <3 <3

S98T000764 Core 23 1: 1 Drainable liquid <3 <3 <3

S98T000765 Core 231:2 Drainable liquid .<3 <3 <3

S98T000766 Core 231 :2A Drial iuid 1<3 1<3 <3

Table B2-16. Tank 241-TX-104 Analytical Results: Calcium(ICP)iz(2heets)

110 ccc0 1.1 ,.cccON Occc .kut~~ccccc'0 ~~(~ c.:c..c>.Qx~cc.cccccvc .cc:cxg~ c
. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 'fi m o.~rx~ coooo c.c.c.:cccc.:c H cc

xc ~ ~ ~ ~ ~ M gmc "gumo,: :c: 'A'&~cSocx:r~~~ccScxxZ >~5Sc~ ~ xO MM n.. ~ ccccccxcccc:cx: ~ :>cccS~cfc~
........ ccocxc W E~.~

S98TO068 :c~cCor 23 00,0 Lower xoxco: .halxfcc~c~c 149x 207 c> 178cx

S9TO08 Corexc 230:2 Lower. halfxcO, 49 38 44cc0ccc:ccc~e

S98TOO068 Core __ 230:2A___ Lowert hal 32c33c 32

S98Txcc0752ccCore 23 ~ ccc~ccccccc~y.. 1:1 Lowerc hal 275 ~ cccc 219 cc 2 47c~cc~ccc

S98TOO075 Core 23: Lowr hal 581cc 619 600c, ccc~c~c

S98TO07548 Core 231:1A Lower half 149 32 18Q'
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Table B2-16. Tank 241-TX-104 Analtical Results: Calciu (ICP).j(2 eets)r

0> c. $ ...SS~ ..x~S .: ..~ ... ..

9T00 668x.. Core 230:2 OXc. Drainabox:o oxquid <6c.1 <60. <60.1

................. 0 :.. ... ...

S98T000667 Core 230:1 Drainable liquid 75.5 <60.1 <67.8:

S98T000668 Core 230:2 Drainable liquid <60.1 <60.1 <60.1

S98T000764 Core 231:1 Drainable liquid <60.1 <60.1 <60.1

S98T000765 Core 231:2 Drainable liquid <60.1 <60.1 <60.1

S98T000766 Core 231 :2A Drainable liquid <60.1 <60.1 <60.1

Table B2-17. Tank 241-TX-104 Anal ical Results: Cerium (ICP).

r98T 00685Core 234:A Lower*h.f4<5:.2:53.2 <54.

9T O7 ........... :. ------ ha, .<5 . <58.......... .O . >:~ .~ .oA . . . .:OEM

.~Sr ~ % ..0 ... ..... A M...

S98T000681 Core 230:1 Lower half <59.4 <60.9 <60.1

S98T000684 Core 230:2 Lower half <56.8 <55.3 <56

S98T000685 Core 230:2A Lower half <55.2 <53.2 <54.2

S98T000752 Core 231:1 Lower half <59 <57.6 <58.3

S98T000753 Core 231:2 Lower half <54.1 <53.5 <53.8

S98T000754 Core 231:2A Lower half <58.9 <59.3 <59.1

S98T000667 Core 230:1 Drainable liquid <60.1 <60.1 <60.1

S98TOO0668 Core 230:2 Drainable liquid <60.1 <60.1 <60.1

S98T000764 Core 23 1:1 Drainable liquid <60.1 <60.1 <60.1

S98T000765 Core 231:2 Drainable liquid 1<60.1 <60.1 1<60.1

S9T0076 ore 231 :2A Drainable liquid <6. <6.I6.
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Table B2-18 Tank 241-TX-104 Analyical Results: Chromium (ICP A .
........... g,0*.0000ox .... 0'. 00 000000 0 A 00o.

M' 0 : :,'.O C .. . .0 0 ...... ... o .o ... o

S98T:0681 Core 230:1 Lower half 4,120:3,890 3,890 4,01O0C:*

S98TOC0684 Core 230:2 Lower half 1,110 1,170 1,140

S9 000685 Core 230:2A Lower half 1,080 1,120 1,100

S98T000752 Core 231:1 Lower half 3,570 3,730 3,650

S98T000753 Core 231:2 Lower half 2,140 1,960 2,050

S98T000754 Core 231:2A Lower half 1,090 1,410 1,250ccg

S98T000667 Core 230:1 Drainable liquid 3,720 3,710 3,720

S98TOO0668 Core 230:2 IDrainable liquid 3,560 3,440 3,500"*~

S98TOO0764 Core 23 1:1 Drainable liquid 4,170 4,010 4, 090QC:d

S98T000765 Core 231:2 Drainable liquid 3,170 3,210 3,190

S98TOO0766 ICore 231:2A Danable liquid 3,250 3,400 3,330

Table B2-19. Tank 241 -TX- 104 Analy tical Results: Cobal (ICP). (2 sheetsl

S98T000754 Core 231:2A Lower half 1090 11.0<.
S98T:0x06850CoreC23C:2A I+ower ha:.f.<11 <10.60<00.8

S98T8*72 - Ce 231:. Lower 0 0a 0 <1. <o1.5 <81.7

S980o753 Coe 21: Lower half*Z*850Y.0C <0.88 <07 <.

S98T000754 Core 231:2A Drnalfiqi 3,250 3 .4001.93

8 Egg P V"m'*8'000CC00

AV0000I5 : OnNxA:0 
00 :oo~oooo ~ . O . 0000

....... .1. .. mx~ an 8*'2C... .UM I 00

S98TO00681 Core 230:1 Lower half <11.9 <12.2 <12.1

S98T000684 Core 230:2 Lower half <11.4 <1 1. 1 <1 1.3

S98T000685 Core 230:2A Lower half <11 <10.6 <10.8

S98T000752 Core 23 1:1 Lower half <1 1.8 <1 1.5 <1 1.7

S98T000753 Core 231:2 Lower half <10.8 <10.7 <10.8

S98T000754 Core 231:2A Lower half <1 1.8 <11.9 <11.9
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Table B2-19. Tank 241-TX-104 Analytical Results: Cobalt (ICP). (2 sheets)

Nmr A,>: M tM ....o Po ooI.oY NUNNu.- U., coo..

S98TOO0667 Core 230:1 Drainable liquid <12 <12 <12

...... . . . . . ,.oo0..o. g0,:00 m.00.OO 'c . ....... o

9T6, Cmg 23m: Draiab m iuid <N2

398Tf00764 Core 231:1IDrainablel o iqui <12 <O2 <12
M 0 .,6ko,,Cog0o00: .. 0.0.00 ..... 0 % o<0O000~ . c,(000:x0

S98T00067 Core 2301 Drainable liquid <12 <12 <12

S98T00066 Core 230:2A Drainable liquid <12 <12 <12

S98T00064 Core 231:1 DOwraal <12 <12 <12
S98T000752 Core 231:2 Dwrainaliqi <1.9 <127 <128Tabl0754Coe 2-2. Tank 2-Tf4 6.5c 9. Co e.25P*.~; .. . . . . . . C .X0~$~' .0 x ,~> . M 0xx~* 080 %0#x0

0/-. gg mj o mo gm W0 >.o,.O .0~ . . . . .0 . .00 . >0 . .$o .*Y . 0.. ..........

/~w mv ~ .~ .~o~ ..o~ .0 ..go .00 ...... ....... ': -g

S98TOO0687 Core 230:1 Lornalfiq <5.94 <6.09 <6.02

S98TO0068 Core 230:2 Lornalf 1i5i<.51 15615<6

S98TOO0754 Core 23 1: 1 Lornalfq <5.91 <6.76 <5.83

S98TO065 Core 230:2 Drainable liquid <6.01 <6.01 <6.01

S98T000761 Core 231:1 Drainable liquid <6.01 <6.01 <6.01

S98T0065 Core 231:2A Lowe hlfqi <12. 16.91<60

S98T000764 Core 231:2A Loralf lqi 6.6 9.9 01__<6.01
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Table 32-21. Tank 241-TX-104 Analytical Results: Iron (ICP).

S98000684 Coe20: oe hl7 a9718

9T065 Cre2:2 Loe haf15 4,900 2,510 .*

S98T000652 Core 230:1 Lower half 3,10 2,89303

S98T000684 Core 230:2 Lower half 1778 1970 3,89 c

S98T0007854 Core 230:2A Lower half 1,2 4,900 2,44O0

S98T000672 Core 231:1 Loralf 78u<0. 879. 830.

S98T00075 Core 23 1:2 Loralfiq 6,080 1,70.0<3.

S98T000754 Core 231:2A Lower half 1,20. 1,70<3

S98T.0684 0re 2 6:2tLwer h:f <2.4 <2.7.<2

S98T000667 Core 230:2A Drnaliqi <30.1 <30.1 <30.1

S98T000764 Core 231:1 Lrainalfiqi 3295 288 307.

S98T0007653 Core 231:2 Drnalfiqi <30.1 <30.1 <30.1

S98T000764 Core 231:2A Drnalfiqi <30.1 <30.1 <30.1

TaleB-2. ak 41T-14 nl cl esls:Latanm het
ar

0 0  
3

0
3 Y300v:0 ., 0000: .0

0  
A o ~000000.$$3 .3ON .33

o0c ~ 00.000 . . 0..x00003 oo>c~:.. Ao ttX 
g3 

~ 3

S8O060001 Cre 230 L oorOhalft 3,1300 290300,"

S8O068 Core. 23:2 Lowe hal 12,0 , Q

S9TO73 oe21: oe 0half o3o :300 1,700 030000

V,0 -- -- - -- -- - .......... ' 0> 0 00 . >'O .* . 00 0 :0

S9TO67 Coe201 D aia0:0>000liquidx0. < 0 .13~~ <30.. <30.1

S98TO0068 Core 230:1 Loralfiqi <29.7 <30.4 <301

S98T0064 Core 230:21 Lowe hlfqi <28. 27.7 <28

S98T0065 Core 231:2A Loralfiqi <27.6 <26.612.

S98T000763 Core 231:2A Loraalfiqi <27.1 r<26. <2.

S9Ta075 Core. a 231 :2 Lower h0 ntcaf ut:Lnh <29. <29. 29.6ets
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Table B2-22. Tank 241-TX-104 Analytical Results: Lanthanum (ICP). (2 sheets)

9 07 Core 2p: rainab.e .O . . <3..1 <. ..

S98T0.0.0 ..000 . 23:2 r0a. d <3.. <3
n,& o00> 000g ...........

S98T000667 Core 230:1 Drainable liquid <30.1 <30.1 <30.1

S98T000668 Core 230:2 Drainable liquid <30.1 <30.1 <30.1

S98T000752 Core 231:1 Drainable liquid <30.1 <30.1 <30.1

S98T000766 Core 231:2 Drainable liquid <30.1 <30.1 <30.1

S98T000764 Core 231:2A Drainable liquid <30.1 <30.1 <30.1

Table B2-23. Tank 241-TX-104 Anaytical Results: Lead ICP).
g9TI076 Coe 312 Drainable d0.1 <60.1x<6M.1

moo~~lft .00(00. ..... .~ ...S .0h<0~ .. .M..M.M uf . g g m g ----

S98O68nCr 23: Loe0hl0151607
S98O68 Core 30:2 Lowe hal <55.2 0 <53.2 L <54.2

S98TOO0752_ Core______ 23 1:1 Lower half <59 71.8 <65 .

S9TO
0
53 Core___ 231:2___ _ Lower__half__57.6_<53.5__<55.5

S98TOO0754_____Core _ 231:2A0 Loe half <5.9 05. <059.1_____________

___________. 11 _______ ~bpe ______
/00000>g0 gA ....>00000 ... ------tooooo :0:>0020>00000

S98T000667 Core 230:1 DaLowe hlfqi <1 <1 <1

S98TO0068 Core 230:2 Loralfiqi <60.8 <60.3 <60.

S98T000762 Core 23 1:1 Loralfiqi <59. 761. <65.4

S98T00075 Core 231:2 Lowne hlfqi 57. <63.5 <55.5

S98T000766 Core 231 :2A Loralfiqi <58.9 <50.3 <59.1
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Table B2-24. Tank 241-TX-104 Analyical Results: ithium (ICP).

"015l Hi ON mp-M -eO

~s8Tijj68 Corre :1 ower alf * .9 <6.009 <6.02

oo98T:,.,v753 oreo 231:2 fj Lowehal <5.1J<.35 <5,00.8 >

S9T<05 ore 23tU 2A Lowraf <00 89 ooo ... .5 .93 ox 9oo ,o

4 98T00>0670 Y00Ce20:1 Daialelqud <69 <6.0 ~.'<6'.00*0OCO
>98T .06080Coe023.:2>:rainb0e00i0uid .0100C00000 00<.000 <6.01

*,98T000764 C0C 231:1.0 Drinbl liud <.0 6 60

S98T00061 Core 2301 Loralfi <5.94 <6.09 <6.02

S98T00064 Core 230:2A Loralf i <5680 <5.53 <561

S9 T000b5 or B2 232A 24o-Xer hntcaf R<s5.5s <5.32iu <5.42( hets

S98T000752 Core 23 1:1 Lower half <5.9 3<57 <5.8

598T000753 Core 231:2 Lower half . <5.1 <5.3 <5.3

S98T00075 Core 231:2A Lower half <5.9 <5.3 <5.1

S98T00752 Coe 231: ~ L*wr half72.9 7.6 75.

9T00053 Core 231:2 L 0werhalf 142 149 14

9 7 C 2. ----- a----l --- o ON ... 5 C r 2 8 .

S98TOO0681 Core 230:1 Doranalfiqi <6.01 <6.01 <6.01

S98TO00684 Core 230:2 Doranalfiqi <560 <6.01 <561

S98T000764 Core 23 1:1 Doranalfiqi <6.01 <6.01 <6.01

S98T000753 Core 231:2 Doranalfiqi <6.01 <6.01 <6.01

S98T000766 Core 231:2A Doranalfiqi <6.01 <6.01 <6.01
._______ .______ ..... ____ sheets)qrmp =,, - 0

Tabl B2-25 Tank ---X-0 Analytical Reut:Mansu ------ 1 :00<,1:
>0>>> ~ ~ ~ ~ ~ ~ ~ -o o-oo. 0-0.0.08*~s5~~ 5$5~~5$0:5558:5883555<::0

H~ so-M -ooo o- 10 .:0 > :ooooMooooooooo o000xoo0: o00 oo~ o: 00
00<,0 00C~t~04,.~* COCOOOOO0000.000,ME000>0000.>00MINESC>0000 0>0 000000.:m 0g:00.

S98OO06670> Core0 2300000: 00500. l liquid <6.01 < .01<60

S98TOOr0668~U000~ Cre'> 20: D000000 aiOnable. liqui <60t.0 <6.1 <.0

000....... 0 000... I>... 0> ..........o

>0 000000..........&. .<5 .00 .50 . 00 .< .... > .000Q4<000000 :..........o 0

w~o0000Y0C0<83558$%5K........... ...... .... 0... .58. .0 0 5.0. .~0>05. .85883

S98T000681 Core 230:1 Lower half 418 385 402

S98T000684 Core 230:2 Lower half . <56.8 <55.3 <56

S98T000685 Core 230:2A Lower half <55.2 <53.2 <54.2

S98T000752 Core 23 1:1 Lower half 72.9 77.6 75.3

S98T000753 Core 231:2 Lower half 142 149 146

S98T000754 Core 231:2A Lower half 67.6 104 8.Q~
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Table B2-25. Tank 241-TX-104 Analytical sults: Magnesium (ICP). sheets)

9Cr .ud < .<6:. 8-Mg0.

S98TO067 Core 2301 Drainable liquid <60.1 <60.1 <60.1
S9T 68,Core 230:20>0 coonbl liquid.<60. <60.1 <60.1

S98TOO0766 Core 231:2A Drainable liquid <60.1 <60.1 <60.1

Table B32-26. Tank 241-TX-104 Analytical Results: Manganese (ICP).

.......... oo~ oo- . 0...

smple Nunp M NOnl Pre

S98TO0681 Core 230:1 Lower half 1,840 1,300 1,570Qc:c,e'g

S98T000684 Core 230:2 Lower half 35 44.5 39.8*

S98TOO0685 Core 230:2A Lower half 24.7 53.6 3 9. 1*

S98TOO0752 Core 23 1:1 Lower half 288 327 308

S98TOO0753 Core 231:2 Lower half 420 412 416

S98TOO0754 Core 231:2A Lower half 134 217 176Qc*

*0~~NO -. .o*, . .... . .oc .o :.> .:.: .. o ~ oo

972 -.b id <6. ....... .601

S98TOO0668 Core 230:2 Drainable liquid 7.17 <6.01 <6.59

S98TOO0764 Core 23 1: 1 Drainable liquid 141 12713

S98TOO0765 Core 231:2 Drainable liquid <6.01 <6.01<

S98T000766 Core 231:2A Drainable liquid <6.01 <6.01 <6.1
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Table 32-27. Tank 241-TX-104 Analytical Results: M lybdenum (IC

S98 0000 Core 230:1~' L 0 ow half <29.7 ~ toO <3.4oo xoxx <0>.0xxx34

ox gW . . .10 W . . .....

o98Tnn0752 Core 231:1>Lower halfn41.3.41.6.4<..

O98T
0

>0 667.C&re 230:10Drainable 3tiqui 71 67.867.

9C 2:2~n D nb ... 4. $-.-62.8
OEMM~8 MR.'>0%c 

oooo

S98T000681 Core 230:1 Lower half <29.7 <30.4 <30

S98T000684 Core 230:2 Lower half <28.4 <27.7 <28

S98T000685 Core 230:2A Lower half <27.6 <26.6 <27.1

S98T000752 Core 23l:1 Lower half 41.3 41.6 41.5

S98T000753 Core 231:2 Lower half <27.1 <26.7 <26.9

S98T000754 Core 231:2A Lower half <29.5 <29.7 <29.6

S98T000667 Core 230:1 Drainable liquid 67.1 67.8 67.4

S98T000668 Core 230:2 Drainable liquid 64 61.6 62.8

S98T000764 Core 23 1:1 Drainable liquid 62.8 61.1 62

S98T000765 Core 23 1:2 Drainable liquid 62 61.9 62

S98T000766 Core 231 :2A Drainable liquid 164 664, 65.2

Table B2-28. Tank 24-X14Analytical Rsults: Neod mumlCP.(2 sheets)

.. .. ............... ; .< :6 *

S98OO75 Coe20:1 Loe0af<905. 5.

S98TO07568 Core 230:1 Lower half <54.4 <60.9 <60.1

S98T000754 Core 231:2A Lower half <58.9 <59.3 1<59.1
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Table B2-28. Tank 24[-TX-104 Analytical Results: Neodymium (ICP). (2 sheets)_

.~~:o oo~c~. .. .0 . ... ... ...... I .M

841. W~o IS o - ......

W- g WTS 00000.

S98TOO0667 Core 230:1 Drainable liquid <60.1 <60.1 <60.1

S98TOO0668 Core 230:2 Drainable liquid <60.1 <60.1 <60.1

S98TO0764 Core 23 1:1 Drainable liquid <60.1 <60.1 <60.1

S98TOO0765 Core 231:2 Drainable liquid <60.1 <60.1 <60.1

S98TOO0766 Core 231:2A Drainable liquid <60.1 <60.1 <60.1

NTmble B2-29.o Ta >41eTX-104 nalri Results: il (ItCP)ra..98TM00681 CMIN 2: ower ha*f 8.6, 15:.80c.*
098T ,067 Cor 23>:.Drainale <iqid <12<020<0

S98T000668 Core 230:2 Drainable liquid <601 <601 <601

S98T000764 Core 231:1 Drainable liquid <601 <601 <61

S98T000765 Core 231:2 Drainable liquid <601 <61 <601

S98T000766 Core 231 :2A Drainable liquid <601 <601 <601

Tabl B22.'ak21T-0 mAagclRsls ike IP.______
I >.2~ ~ .. oc.:oc~~c 00 : . . 0 0 0 > 0 0 < 0.* A& 00 c.0c*m

N ME

:0.... ~ ~ ~ ~ RE 12 .11 , *~A 
0

>
0 0 

. 1.040 .. Ir . . 0 < ~ . .#,0>>0 :

S98T000681 Core 230:1 Lower half 18.6 15 16 .8Qc:e

S98T000684 Core 23O:2 Lower half <1 1.4 <111.1 <1 1.3

S98T000685 Core 230:2A Lower half <11 <10*.6 <10.8

S98T000752 Core 23l1:1 Lower half <1 1.8 <11.5 <1 1.7

S98T000753 Core 23l:2 Lower half 12.2 10.8 11.5

S98T000754 Core 231:2A Lower half <11.8 <11.9 <1 1.9

S . x.W. Mo .. ......oo~... Acc*>*0M..<..4.c.o...0.0.,.. .. ..

S98T000667 Core 230:1 Drainable liquid <12 <12 <12

S98T000668 Core 230:2 Drainable liquid <12 <12 <12

S98T000764 Core 23 1:1 Drainable liquid <12 <12 <12

S98T000765 Core 231:2 Drainable liquid <12 1<12 <12

S9T076 Core 231:2A Drainable liquid <12 1<12 <12
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Table B2-30. Tank 241-TX-104 Anal ti al Results: Ph osous (CP)

SIMl NO mp .4:

xS98T0 o.-068o ore 2
0>

. Lower half 7,900 7,90 7,93c~ 00c.

S98T0007521 Core 230:1 Lower half 7,90 7,9606''

S98T000753 Core 230:2 Lower half 1,530 1,2300 1,0me

S98T0007854 Core 230:2A Lower half 6,784 1,408,1c

S98T000752 Core 231:1 Loralf 8iud ,6 8835 1,260

S98T00075 Core 23 1:2 Loralf 9iu,160 1,30 1,800

S98T000754 Core 231 A Lower half 6,27 9,709

.. . o~0...... . ... -g M " ....oo o:& .& o .... ..S> 5 ~ > 0308 o o .... 0 ..... .... 0000007 g m -0

S98T00068 Core 230:1 Lower half qui 17 71,14,503

S98T00068 Core 230:2 Lower half 1,230 1,230 1,80

S98T00645 Core 231:1A Doranal liui8126 1,250 1,260Qce

S98T000752 Core 231:2 Lower half 60 1,190 1680

S98T000754 Core 231:2A Lower half i29u d,40 4,0 160'

ooI8SF oS:g SW8mm88-OO

S8O067 Cor 230:1o~s Drial liud ,5 110 ,5

o o o ................... ~v 000 0:00

. ~ ~ ~ ~ ~ o .>00000000000:: .0870 88.o.00000. 8: .>8 .4>...>.%.*.5N>e

S9TO08 Core,230:< Loweroo half631875753_

S8~,1T~OO05 Coe2 10:0oe af190 ,3 ,7

S98TO0063 Core 230:2 Lower half 645 622 634

S98T000754 Core 231 :2A Lower half <295 407 <3 1 QC~d,e
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Table B2-31. Tank 241-TX-104 Analytical Results: Potassium(ICP). (2sheets)

i squidsgm pmg m p'm p/

S98TOO0667 Core 230:1 Drainable liquid 3,110 3,140 3,130

S98TOO0668 Core 230:2 Drainable liquid 2,810 2,760 2,790

S98TOO0764 Core 23 1:1 Drainable liquid 2,700 2,670 2,690

S98TOO0765 Core 231:2 Drainable liquid 2,610 2,790 2,700

S98TOO0766 Core 231:2A Drainable liquid 2,910 2,950 2 930

TaTbl61 oe B2-32:. Tak24-X-wera c esls Sal a9.4 (C.9 .1

~~~~~~~~~~~ ..~t ..oco .:~oooooooooo ..*~% ". ccoo . c....0 Lee

s*~~~~*~~~~~y*~ .........o ' . . $ $$ $x o o ~ .

cococ~ ~ ~ ~~~~~~~~~~~~ ..oc........c oOO0: ~ 0*0 ~ 4.%$0...$%o~$%t*

*00:0:~~ ~~~ .0 O % $$ c. . $~ .$ $ .' c.c c . .......

S98TOO0684 Core 230:2 Lower half <59.4 <65.9 <56

S98T.o0685 Core 230:2A Lower half <55.2 <53.2 <54.2

S98TOO0752 Core 23 1: 1 Lower half <59 <57.6 <58.3

S98T 00753 Core 231:2 Lower half <54.1 <53.5 <53.8

S98T 00754 Core 231:2A Lower half <58.9 <59.3 <59.1

S98T000667 Core 230:1 Drainable liquid <60.1 <60.1 <60.1

S98T000668 Core 230:2 Drainable liquid <60.1 <60.1 <60.1

S98T000764 Core 231:1 Drainable liquid <60.1 <60.1 <60.1

S98T000765 Core 231:2 Drainable liquid <60.1 <60.1 <60.1

S98T000766 Core 231:2A Drainable liquid <60.1 <60.1 <60.1
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Table B2-33. Tank 241-TX-104 Analytical Results: Selenium (ICP).

Nu b r L cto coox cccm ooop,:,e '% Ps*r
5

cioonoxRe c-uccc *xplcM&e $:r*

09T061 oe2 0 LoMW haf<5. <09 6.

S98T0006 E C119re 230:21Lowe1ha 1 1141511

S98TOO0752 Core 23 1: 1 Lower half <59 <57.6 <58.3

S98TOO0753 Core 231:2 Lower half 58.8 54.3 56.5

S98TOO0754 Core 23 1:2A Lower half <58.9 <59.3 <59.1

c98c06o Cre:3o2*ranabe iqid <6.1 635x~.4 <61.8 :,"

S98T000641 Core 230:1 Loralfii <59.4 - 6.9 <604

S98T00064 Core 230:2 Loralf q 132. 122. <1

S98T000665 Core 23O:2A Loralf qi 114. 115. 115.

S98T000752 Core 231:1 Lower half <52 <57. 245.3

S98T000752 Core 231:2 Lower half 15. . 1 54.3 56.

98T0007543 Core 231:2 Lower half 58 75. <5.1a g

S98T000667 Core 230:1 Drainable liquid <6031 <60.1 <60.1

S98T000668 Core 230:2 Drainable liquid <60.1 63.4 <61.8

S98T000764 Core 23 1:1 Drainable liquid <60.1 67.9 <64

S98T000765 Core 231:2 Drainable liquid 1<60.1 <60.1 <60.1
S98T000766 Core 231 :2A Drainable liquid <60.1 <601-<0.

Table B2-34. Tank 241-TX-104 Analytical Results: Silico (ICP). (2s seets)

amm AMM'H. Mgc,.c. . ..xc .-c.......c.-..0. .M.4... $
.5> ~ ~ ~ ~ O :00c. .x 4oc.xxxxgc0cc~co ~~cxoocox,

S98T__0681_Cor 23: Loe halfxo~~bcc& 252 23 24Qc ____

eS98O08 Core' 23: Lower_______ half 137 79 5"c __

S9TOO0685 Cor 230:A Lwerhal 22 21 21Qc

S98TO07528 Core 2301:1 Lower half 215 128 2 4 Qc~a

S98T000753 Core 231:2 L~ower half 543 706 2Qae

S98T000754 Core 23 1:2A ILower half 424 633 52 9Qc:a'c'c
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Table B2-34. Tank 241-TX-104 Analytical Results: Silicon (ICP). (2 sheets)

SampMOR MOMpl

I~~~~~O gqd pmmgn l mm
S98T40067 Core:20: Drainabl liquid~ 440> .. 44*446.1: 45.5

49T.. 8 oe202 rial 0 liquid04404 116 859.8 87.944*

S98T00 Coreoxo231:2oo Drinbl liui 
8

6$. 76. 1.

S98T.00766 Core 231:A b u.4 6o0.7 62.6o~:o> ~ >o

S98TOO0667 Core 230:1 Loralf li7.i 44 .8 461, 4.5

S98TO060684 Core 230:2 Loralf <5.i16 5.53 <5.61'

S98TOO0762 Core 23 1:1 Loraalf liui1.1 71.94.6

S98T070667 Core 231 Drainable liquid 84.7 74.2 814.4

S98TO070668 Core 231:2A Drainable liquid 64.4 64.7 64.7

T07e 235 Dan b 41eT u 5. : 15.2 15.6\)

:04040400404$~~ g ..............44 4 4> ~ 4. -

9T 76 Ce23:2 Drnb lid 4. 14.3___ .4.4 .__....

S98T0065 Core 230:2A Lornalf <iu51.52 <5.32 <542

S9TO052 Cre2 11 Loe hl 11~.S<:4o:4 140.9 101400404C4

S98T00067 Core 230:1 Doranal liui54.8 46.1. 45.5IQ~

S98T000754 Core 231:1A Doranaeliqi 17.1 78.1 84.6

S98TO067 Core 2301 Drainable liquid 86.5 76.2 14.3

S98TO00668 Core 2310:2A Drainable liquid 64.4 60.7 62.6

S98TOO0764_ Table 235. Tan l4-X-1d Anaytca Reslts Siler(IP)
0.40.0404C0ore 231: Drainable4044*48*0> ~< ?40004*0 liquid4*0**4 10440.5 004:>00 100>40 444. 0 4 4444.4 4 <

400400404~. Core.44 231:2At %0.0.0>.:44t0 liquido~o44044000048808 :84.3: 15.34'% ~ 4*444440~0
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Table B2-36. Tank 241-TX-104 Anal ical Results: Sodium (ICP

gm umber Moato s* Ie I.--nRslt D liae AvrW . oxoxm Ixoxox .O Nxoo- A a O1 1

S98TOO0681 Core 230:1 Lower half 1.72E+05 1.69E+05 1.71E+05Q:

S98TO0684 Core 230:2 Lower half 64,500 60,500 62,500c0c:

S98TOO0685 Core 230:2A Lower half 63,800 55,100 59,500

S98T000752 Core 231-1 Lower half 1.43E+05 1.42E+05 1.43E*+05 . *

S98T000753 Core 231:2 Lower half 1.25E+05 1.36E+05 1.31E+05 c b

S98T000754 Core 231:2A Lower half 1.91E+05 1.64E+05 1.78E+05cbc

S98TOO0667 Core 230:1 Drainable liquid 2.08E+05 2.06E+05 2.07E+05 *~

S98T000668 Core 230:2 Drainable liquid 2.03E+05 1.94E+05 1.99E+05 *

S98TOO0764 Core 231:1 Drainable liquid 2.11E+05 2.03E+05 2.07E+5Qce

S98T000765 Core 231:2 Drainable liquid 1.99E+05 2.02E+05 2.01E+05

S98T000766 Core 231:2A Drainable liquid 2.07E+05 2.17E+05 2.12E+05

Table B2-37. Tank 241-TX-104 Analytical Results: Strontium (ICP). sheets)
9 8 Coe. 0:1 Lwerhaf<5.94 < 6.9o:M. .......2....

9...8 C.re 23.: .. r m <6 < : <56

S9 0065 Coe2302A owe haf<.2<53m54

89T8072 or 31:1 ~ow r halfo~~ooyo00 06~ <.9_~ <5.76 E< 8 3L~x

S98T000681 Core 230:1 Lower half <5.94 <6.09 <6.02

S98T000684 Core 230:2 Lower half <5.68 <5.53 <5.61

S98T000685 Core 230:2A Lower half <5.52 <5.32 <5.42

S98T000752 Core 23l1:1 Lower half <5.9 <5.76 <5.83

S98T000753 Core 231:2 Lower half <5.41 <5.3 5 <5.38

S98T000754 Core 231:2A Lower half 1<5.89 <5.93 <5.91
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Table B2-37. Tank 241-TX-104 Analytical Results: Strontium (ICP). (2 sheets)

N iUmbds 1 pgmft p-W p
............................... t3 0 0 00 00 0000> >00000>.. . . . . . . . . . . . . . . . . .

S98TOO0667 Core 230:1 Drainable liquid <6.01 <6.01 <6.01

S98TOO0668 -Core 230:2 Drainable liquid <6.01 <6.01 <6.01

S98Too0764 Core 23 1:1 Drainable liquid <6.01 <6.01 <6.01

S98T000765 Core 231:2 Drainable liquid <6.01 <6.01 <6.01

S98T000766 Core 231:2A Drainable liquid <6.01 <6.01 <6.01

Table B2-38. Tank 241-TX-104 Ana ytical Results: Sulfur (ICP)

mois addMOM dnesff lu u.... :0... 0:0M N ...... : C*3~ NQ .w0 8:3M O30.C~~>3 ~0 4 . 4..

S98T0681 Core 230:1 Lower half 285 314 300

S98TOO0684 Core 230:2 Lower half 329 336 333

S98T00685 Core 230:2A Lower half 344 343 344

S98T00752 Core 2301:1 Lower half 968 965 967

S98T000753 Core 231:2 Lower half 357 322 340

S98T000754 Core 231:2A Lower half 165 220 193

S98 TOO0667 Core 230.1 Drainable liquid 1,510 1,500 1,510

S98T000668 Core 230:2 Drainable liquid 1,440 1,390 1,420

S98T000764 Core 231:1 Drainable liquid 1,430 1,370 1,400

S98T000765 Core 231:2 Drainable liquid 1,360 1,410 1,390

S98T000766 Core 231:2A nable liquid 1,410 1,480 1 ,450
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Table B2-39. Tank 241-TX-104Analtical Results: hallium (ICP)

~o~oxoo> . :ooY . S ~xo . o >.......... 00
M0 00Wo> 11 o . l ooo :oiooo 2*:o:.:oo:

S98TOO0681 Core 230:1 Lower half <119 <122 <121-

S98T000684 Core 230:2 Lower half <114 <111 <113

S98T000685 Core 230:2A Lower half <110 <106 <108

S98TOO0752 Core 23 1:1 Lower half <118 <115 <117

S98T0.0753 Core 231:2 tower half <108 <107 <108

S98T000754 Core 231:2A Lower half <118 <119 <119

S98TOO0667 Core 230:2 Drainable liquid <120 <120 <120
S98T000668 Core 230:2 Drainable liquid <120 <120 <120

S98T000764 Core 231:1 Drainable liquid <120 <120 <120

S98TOO0765 Core 231:2 Drainable liquid 1<120 1<120 1<120

9T000766 Core 231:2A Drainable liquid <120 1<120 1<120

Table B2-40. Tank 241-TX-104 AnalyticalRsults: Titanium (ICP)_(2 shet

S98T000754 Core 231:2 Lower half <1.08 <1.53 <1.08

S98T000785 Core 23l:2A Lower half <1.52 <.12 <1.42

omxooo o 09. ........
o

MOo ... xW 0>0:000
.. "MR0

0
..

0
C

0
C .. ~"> ~ 8W0~~. ooo,.go.lot

S98T00067 Core 230:1 Lower half <5.9 <5.7 <5.1

S98TO0068 Core 230:2A Doranalfiqi <1.2 <1.2 <1.2

S98T000764 Core 23 1:1 Doranalfiqi <120 <1206 <1203

S98T000753 Core 231:2 Lower hal 902 75.3 82.8

S98T000754 Core 231:2A Lower half 46.2 55 50.6
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Table B2-40. Tank 241-TX-104 Analytical Results: Titanium (ICP) (2 sheets)
... .. .. .Kx .. 5 *xcxxx.x..xx..x.

S98T :0667 Core 230:1 Drainable liquid <6.01 <6.01 <6.01

S98TOO0668 Core 230:2 Drainable liquid <6. 01 <6.01 <6.01

S98TOO0764 Core 23 1: 1 Drainable liquid <6.01 <6.01 <6.01

S98TOx0765 Core 231:2 Drainable liquid <6.01 <6.01 <6.01

S98TOO0766 Core 231:2A Drainable liquid <6.01 <6.01 <6.01

T9T abl5 e 22A4 TalowerTX0 hAnal i <276ts <266 Urn271C)

,xTx 754 CIoNE 1 2. 3 :2 A8KMowerh f M<9. <0 <29

S98T000667 Core 230:1 Drainable liquid <60T <00 <60

S90066 Core 230:20-12 Drialelqi <.1<.0 60

S98T000764 Core 231:1 Drainable liquid <6.01 <6.01 <6.0

S98T000765 Core 231:2 Drainable liquid <601 <301 <301

S98T000766 Core 231:2A Drainable liquid <301 <601 <301

Tabl072 e 21 Tan 241-Xe10 hanal ic75 Reslts Toa6Uaiu 3

~~xx~~~x~~~x.~~_M ........>~0 xx xc:.xx~cx$

.C'~~~~~8 I N,,.,, .~ .x .. ,. . . . ....... fl tft CXlt. ...... .......__~~~~~~ Ix .,.cw'* ________ _________

x9TO06 Core230x Drainxbc :liqxuixd..xxxc <x0x <30 <300'C.~ xxxx

S98TOO0668xxx.x~x.xc..x.x Core x 23: Drial liui c300 .x30x xt<300~xxx

S9TO06 Coe20: rial iud <0 30 <0
S98xK76 xCorex 23: Draiabl liquid.x :x.:xxxx0xx <300 x xx300.

S98T0061 Core 230:1A Lowner hlfqi 13030 310301

B-35



HNF-SD-WM-ER-672 Rev. 1

Table B2-42. Tank 241-TX-104 Analytical Results: Vanadium (ICP3.
oxox118,xMO.- .0*0

.. .... .. ... v o o o *000 :*o~ o~ oo o x~

:ooooooo e ~ s ONRO gSo M.o >0:00 0>0M M P x00o *:

S98TOO0681 Core 230:1 Lower half <29.7 <30.4 <30

S98T000684 Core 230:2 Lower half <28.4 <27.7 <28

S98T000685 Core 230:2A Lower half <27.6 <26.6 <27.1

S98T000752 Core 231:1 Lower half <29.5 <28.8 <29.1

S98T000753 Core 231:2 Lower half <27.1 <26.7 <26.9

S98T000754 Core 231:2A Lower half <29.5 <29.7 <29.6

____________ 8.0 MMMM ME O . 0000 00JM$

S98T000667 Core 230:1 Drainable liquid <30.1 <30.1 <30.1

S98T000668 Core 230:2 Drainable liquid <30.1 <30.1 <30.1

S98T000764 Core 231:1 Drainable liquid <30.1 <30.1 <30.1

S98T000765 Core 23 1:2 Drainable liquid <30.1 <30.1 <30.1

S98T000766 Core 231:2A Drainable liquid <30.1 <30.1 <30.1

Table B2-43. Tank 241-TX-104 Analytical Results: Zinc (ICP). (2 sheets)

Rme iggg oti kni Prin Rs D>Hu erg,

I9T008 C0e23:0owrhlf2.-1. .0:

S98T0006 Core 231:2A Lower al 2: : .: ..2.2... 0000000~~~~~~~~ .00000 .~ . .000 .00 . .:0o.o .*00 ..g

S98TO06875 Core 230:1 Lower half 29.9 3547 26.7*

S9T264 Cr 3: Loeroohalf 22.4o 170000000.8 0 >020. 1 Qc~oo

S98TOO0753 Core 231:2 Lower half 17.6 12.1 14.90c:e

S98T00754 Core 231:2A Lower half 11.8 15.1 13.4000*

B-36



HNF-SD-WM-ER-672 Rev. 1

Table B2-43. Tank 241-TX-104 Analytical Results: Zinc (ICP). (2 sheets)

N _n .a.....or... .u 'A
.... .. ....a$ CC8C.':C .. "'a1

ST. .066e ... 2 :.2.ab...... ...... <...

S98TOO0764 Core 23 1: 1 Drainable liquid <6.01 <6.01 <6.01

S98TOO0765 Core 231:2 Drainable liquid <6.01 <6.01 <6.01

S98TOO0766 Core 231:2A Drainable liquid <6.01 <6.01 <6.01

Table B2-44. Tank 241-TX-104 \nalytica Results: Zironium (ICP)

........... a
0.... 00 0.~o o~ac :

S98T0 0681 Core 230:1 Lower half 59.2 56.7 58

S98TOO0684 Core 230:2 Lower half <5.68 <5.53 <5.61

S98TOO0685 Core 230:2A Lower half <5.52 <5.32 <5.42

S98TOO0752 Core 23 1:1 Lower half 13.8 16.4 15.10"*a'

S98TOO0753 Core 231:2 Lower half 8.55 7.89 8.22Qca

S98TO00754 Core 231:2A Lower half <5.89 <5.93 <5.91"~''*

MON ..... .. " 0000 N0o00. ... ..._ ._ _ __ _ ME__ _

S98TO0668 Core 2.30:2 Dramable lquid <6.01 <6.01 S.01

S98TOO0667 Core 230:2 Drainable liquid <6.01 <6.01 <6.01

S98T000764 Core 231:1 Drainable liquid 6.91 6.48 6.7

S98T000765 Core 231:2 Drainable liquid <6.01 <6.01 <6.01

S98T000766 Core 231:2A Drainable liquid <6.01 <6.01 <6.01
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Table B2-45. Tank 241-TX-104 Analical Results: Bromide (ICA.
.............. oo . . .

xc ~I ... xoo.oooo Nt> gg- >8gxax~ocxmm$

S9T t06
8  

Core 230:2 wer ha:f <71:<467 <46

9T 0 Cor 2 0A Loer halfxo <515 <506o <510

09T073 Cr$212 Lwrhl <1,26
0

o <14,20 <,260

S90% 75 Core> 23:2 owr af 91a93 <2

rIME H 4 0000000000 INS__

S98T000667 Core 230:1 Loralfii <1,030 <1,030 <1,20

S98T000688 Core 230:2 Loralfqi <418 <4678 <4698

S98T000754 Core 231:1 Loralfii <9125 <9,27 <918

S98T001765 Core 231:2 Loralfii <1,260 <1,260 <1,260

S98T000757 Core 231 :2A Loralf i <127 <,420 <9245

vW08~5 MOMMo:. M11 -- oo M

ST0067 or 2:1 riabelqudp,80<,80 <,8

S98T000687 Core 230:1 Lower half <1,20 <1,30 <1,20

S98T000688 Core 230:2 Lower half d 1,20 <1,0 <1,460

S98TOO0689 Core 230:2A Lower half 127 ,40 130

S98TOO0755 Core 23 1:1 Lower half <50 <,27 5,321

S98T001733 Core 231:2 Lower half <1,280 <1,280 <1,280

S98TOO0757 Core 231:2A Lower half 176 -<9,40 <,240*

S98TO00668 Core 230:2A Drainable liquid <1,280 1,20 <1,350

Table B2-46. Tank 24 1-TX- 104 Analytical Results: Chloride (IC) (2 seets

~~0~~~000'0.00 ~~~~~ ~ ~ 1 .0. ..... W IN& 00000:000:00X003~ >>0$0$9 4.:
0>~~t0 00000. ~ ~ 0>:00. ........ . . 0 0> .000 . . .0000000 .

>0000M -O E1 X ,NO .<2 ... .$t~ $ .~0o .0~ o .~o o 
> 

j .9 9 : ~Y- Igo
N0O0 N 0000.0 Er8* . .,o ... ........ . . . q . .:

S98T000687 Core 230:1 Lower half 1,320 1,430 1,370

S98T000688 Core 230:2 Lower half 1,540 1,390 1,460

S98T000689 Core 230:2A Lower half 1,270 1,410 1,340

S98T000755 Core 23 1:1 Lower half 5,400 5,210 5,300

S98T001733 Core 231:2 Lower half 1,210 1,100 1,150

S98T000757 Core 231:2A Lower half 1,060 1,420 1,240Qce
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Table B2-46. Tank 241-TX-104 Analytical Results: Chloride (IC). (2 sheets)

0098T:0.0667 C00re<230:10ranal liquid 7,670OOOOOO0O 700 7,800:00:

9T 7 C e 23M:2 Drain ble luid0......m 19,, 19,0g000 9 ,3 M -o00. :. o

598TO0">87oCoreo2oo:ooLoweoooaofoooi' 4,3 0 3,700 0::<

9To5 ore23: L.wer haf .... . . <9 02

<S98T 0<00000.:0$ 91733 C .o: L .wer0half01,05005,450 3,600.*0~

n*0u0ds pM/O. 00g/< 0  pg/

S98T000667 Core 230:1 Drainable liquid 7,670 7,930 7,800

S98T000668 Core 230:2 Drainable liquid 7,770 7,800 <90c:

S98T000764 Core 231:1 Drainable liquid 7,110 7,140 <1

S98T000765 Core 231:2 Drainable liquid 19,700 19,000 1

S98T000766 Core 231:2A Drainable liquid 7,750 7,970 7,

_________Table B2-47. T'ank 241-TX-104 Anal ical Results: Fluoride (IC).

c .. 0&....0 .00 -X000:0000 I0000 .. > I8*8 .. 00 >pxo___oox x W4rtx>x>.0 .0 .... 0.

$0>0 0:000x0y.xX.0000000 REM0> y >( 4 O> O .... 0.00 00 00 0?0 0 No W0000000000000

S98T000687 Core 230:1 Lower half 3,060. 4,380 ,2Qe

S98T000688 Core 230:2 Lower half 210 175 193

S98T000689 Core 230:2A Lower half 55.3 65.5 60.4

S98T000755 Core 231:1 Lower half 116 . <89 <10Q~

S98T001733 Core 231:2 Lower half 1,850 5,450 * 3,650~c~

S98T000757 Core 231:2A Lower half 2,570 13,010 2,790
0m>:*04'QmM000 M.*M0000 0000000000000000.

0.0\0000x000mix~ 000 :: M EN00000000000000. 0
0

A .0: : 0'$0o 0 0000

S98T000667 Core 230:1 Drainable liquid <122 <122 <122

S98T000668 Core 230:2 Drainable liquid <122 260 <gQ~

S98T000764 Core 23 1: 1 Drainable liquid <122 122 <122

S98T000765 Core 23 1:2 Drainable liquid 1<122 <122 1<122

S98T000766 Core 231:2A Danbelquid 1<122 <122 1<122
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STable B2-48. Tank 241-TX-104 An tical Results: Nitrate (IC).

.............. M m

S98TO00687 Core 230:1 Lower half 3.82E+05 3.81E+05 3.82E+05

S98TOO0 688 Core 230:2 Lower half 1.18E+05 1.12E+05 1. 15E+05Qc:

S98TOO0689 Core 230:2A Lower half 1.90E+05 94,600 1.42E+05Qc:c

S98TOO0755 Core 23 1: 1 Lower half 2.09E+05 2.O1E+05 2.05E+05

S98TOO1733 Core 231:2 Lower half 4.03E+05 2.84E+05 3.43E+05Qc*

S98TOO0757 Core 231:2A Lower half 4:10E+05 3.79E+05 I3.94E+05

S98TOO0667 Core 230:1 Drainable liquid 2.70E+05 2.72E+05 2.71E+05

S98TOO0668 Core 230:2 Drainable liquid 2.82E+05 2.83E+05 2.82E+05

S98TOO0764 Core 23 1: 1 Drainable liquid 2.85E+05 2.83E+05 2.84E+05

S98TOO0765 Core 231:2 Drainable liquid 6.48E+05 6.46E+05 6.47E+05

S98TOO0766 Core 231:2A Drainable liquid 2.88E+05 2.89E+05 2.88E+05

TbeB2-49_ Tank _24 1-TX- 104 Analytica Results: Nitrite (IC). (2 sheets)

*~<jw~tt~. ... 0X<0~y *...0<% xo> 0>~CQ0 xc~o 4
0
00Y0............< Mx~

S98T000687 Core 230:1 Lower half 13,52E05 .14,705 3.82E05

S98T000688 Core 230:2 Lower half 14,6E05 1.,2E05 l13,90SQ0

S98T000689 Core 230:2A Lower half 12,40E05 94,600 13,2E0 5Qc

S98T000755 Core 23 1:1 Lower half 250405 4,IE05 29,0E05

S98T001733 Core 23l:2 Lower haif 403E05 2,84E05 13E+5

S98T000757 Core 231:2A Lower half 9,4: 10E+5 37E05 3.,4E05

~~0 ~ ~ ggggg MOORES:$ 0X09-,t'.~~0:xx

S98T000687 Core 230:1 Doranaeliqi 2.750E05 2.,7E05 2.71E0

S98TOO0668 Core 230:2 Doranaeliqi 2.82E05 120E05 2.8,E0

S98T000754 Core 23 1: 1 Doranaeliqi 2.5E+405 2.,80E05 24E+605

S98T000735 Core 231:2 Dornaeliqi 6.48E05 9,88E05 1047E0

S98T000756 Core 231 :2A Dornaeliqi 29,7E05 2.89E05 10,4E0
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Table B2-49. Tank 24 1-TX-104 Analyical Results: Nitrite (IC).

. ....... . 2~ ~ o~~ ME~z Mo ig... $00\00>0g* $O 0>00ocoooo % 
0 1 

0o,o. .o

ooo~~~~~~~~~xco>~~lx I -x .~C .%0o .ooo, .0 .C0:Y0 .>000 .~ *0 .
0
00± . . 0.0 .ooo~ .00

S98TOO0667 Core 230:1 Drainable liquid 72,800 74,700 73,800

S98T000668 Core 230:2 Drainable liquid 72,400 72,700 72,500

90: 07 ; Core 23 1: 1 Drainable liquid 66,800 66,900 66,900 0 -

S9T075 Core 231:2 Drainable liquid 1.87E+05 1.82E+05 1.84E+05

S98T00066 Core 231:2A Drainable liquid 71,800 75,100 73,500

S98T000687 Core 230:2 Drnal lqi 2,400 72,700 72,00c

S98T000764 Core 231:1 Dwrainalfiqi 6,80 6,00 6,9600

TableB2-50. Tank 241-TX-104 An ical Results: hosphate (C 0 0

-o .. 0 . .oo. 00 ME80M±**000~80>.0

S98T0O000>Os±0077 Cr 231:Ac Lower half 24,400 28,200. : - 2600 .0,

90:2.. Dr ai.ab (0u..d. ,50 0 ,380. 3,81.0..09T 6 Cr 2:0aaeid0 43 0........ _ P-0x >x ON..*. ORWy: t:fflgm'08.7 s,<o<>.

S98T000687 Core 230:1 Lower half 29,100 42,900 36,900

S98T000688 Core 230:2 Lower half 4,380 3,980 4,180

S98T000689 Core 230:2A Lower half 1,570 1,500 1,540

S98T000755 Core 23 1:1 Lower half 3,430 3,700 3,560

S98T001733 Core 231:2 Lower half 23,700 50,600 37,200' ce

S98T000757 Core 231:2A Lower half 24,400 28,200 26,300
>0*000.0.00.~0 0 g .08m: .. ooo8>0.0g**0< . 0.%.0.«000.0- ME O=

60090>010/0 MR090.

x MM. M. M .S00M

S98T000667 Core 230:1 Drainable liquid 4,730 4,670 4,700

S98T000668 Core 230:2 Drainable liquid 4,250 3,380 3,8 10 OQ:

S98T000764 Core 23 1:1 Drainable liquid 4,520 4,730 4,620

S98T000765 Core 23 1:2 Drainable liquid 11,500 10,400 10,900

S98T000766 Core 231:2A Drainable liquid 4,330 14,160 4,240

B-41

G necte



HNF-SD-WM-ER-672 Rev. 1

Table B2-51. Tank 241-TX-104 Analytical Results: Sulfate (IC).

0098T0.0687 Core 23Y0:10**~00 ower+ ha.000f Y<1,14 <110 <,4

S98TMMM00688g C-r 23: Loe half <52 <51 ..1

AR SION, H,~o$ ..... 4$% \00~o~o

S98 068 Cre23:2 Lower half <569 cooo 7,>0 o <67fl

o.MWNI.M ox oyxo~$__

S98T000687 Core 23O:1 Lower half <1,140 <1,140 <1,140

S98T00688 Core 230:2 Lower half <520 <1 <1

S98T000689 Core 230:2A Lower half <569 706 <6,020

S98T000755 Core 23 1:1 Lower half 1,380 1,380 1,380

S98T001733 Core 231:2 Lower half <1,390 <1,390 <1,390

S98T00066 Core 23012 Drainable liquid 4,470 4,550 4,510*

S98T0006687 Core 230:2 LDrnaliqi 1,650 <,10 <1,720

S98T0007648 Core 231:1 LDrnalfiqi 2,29 2,90 2,440c

S98T0007659 Core 231:2A Drnal liui 11,50 7,850 <444

S98T000766 Core 231:2 Drnalfiqi 1,900 4,60 3,760e

S98T Tb0757 Core 231:2A Lower half i 1,010 1,280 1,80

:4o~vooo .. o0 *0~00000 ' ,  ~ oe00,~o>0:0 _

. ~ ... $o .000000$0:o.>0 ~ ~ c~* MM.0:O~o 0:M..~. .. 0 ~ <0 00 ~ .~00 0 <, 0  r' Z'
0{:0: tt~ooco .*~o$~ooo$ < ,400:.W,. O00'oo oHxo,< Eo~~,<'00(6O~o

S9 T 0 6 Core 231:2 .r i a l liquido~ 1000 
t

'0 00o$ ,xe. 0 4620 %< e :0000000%

Ta4eBg&2 Tak21T-0 nltclRsls xle(C.( hes
S9T067 Coe201 Lwe af530 ,2 ,2

S98T000688~~~... Coe 3:2 Lwe al 6549 7 3

S98T000689m Cor 230:2 Lower halfa 46<2<4

S98TO067 Core 231:1 Lower half 5340 4,060 3,760

S98T001733 Core 231:2 Lower half 4,230 5,000 4,610

S98T000757 Core 231:2A Lower half 1,080 1,280 1,180
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Table B2-52. Tank 241-TX-104 Anal ical Results: Oxala e IC. (2 sheets

Emmmph maampm
Nme k tato Na kPrtm Rsl fulnae \e

S98T000667 Core 230:1 Drainable liquid <1,070 <1,070 <1,070

S98T000668 Core 230:2 Drainable liquid <1,070 <1,070 <1,070

S98T000764 Core 231:1 Drainable liquid <1,070 <1,070 <1,070

S98T000765 Core 231:2 Drainable liquid 1,870 1,870 1,870

S98T000766 Core 231:2A Drainable liquid <1,070 <1,070 <1,070

Table B2-53. Tank 241-TX-104 Anal nical Results: ulk Density.

c98Tc- 40 Core230:2 Lwer hal 2.05 n/a 28.x8 5t

8cc-c -- 4 O2C08 . 2S~ . ocx-c. cx

S98T0 .70 Coe 21:1Lc wer half 1.59 n/a .59

S9Tt041 Co23t2Lwe hl 1.88n/a1.8

S98T00074 Core 23012 Lower half 1.65 n/a 1.65

S98T0064 Cor 230:2 Lower halfME 2.5 20
S98T000641~~~g' Coe202A Lwrhaf18gna18

S9T MO4 Ore211 Lwrhl .9na15
S98T000741~~~~M Moe3: oehaf18 / .8

S98T0074 Cor 23:2A owerhal 1.8 n/a1.8
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Table B2-54. Tank 241-TX-104 Analytica Results: Percent Water (TGA).
N :.p. e :***pt

M. gg_"mm -0Mk:~*A oo:o: ,

S98T000649 Core 230:1 Lower half 36.0 42.0 .39.0

S98T000654 Core 230:2 Lower half 41.8 . 42.1 41.9

S98T0,00655 Core 230:2A Lower half 44.7 41.6 43.1

S98T000743 Core 23l:1 Lower haif .51.5 51.3 51.4

S98T000744 Core 231:2 Lower half 48.9 48.3 48.6

S98T000745 Core 231.2A Lower half 49.6 48.9 49.2

llfl MR i u co.c.. =w

S98T000665 Core 230:1 Drainable liquid 52.9 53.0 53.0

S98T000666 Core 230:2 Drainable liquid 51.9 51.9 51.9

S98T000761 Core 231:1 Drainable liquid 47.8 49.4 48.6

S98T000762 Core 231:2 Drainable liquid 52.8 53.1 52.9

S98T000763 Core 231:2A Drainable liquid 53.8 52.3 53.1

Table B2-55. Tank 241-TX-104 Analytical Results: Specific Gravity

S98TOO0743 Core 23 1:1 Doranalf 5id 1.5 51.37 1.8

S98TOO0742 Core 231:2 Loranalf 48ui.2 4.4 4.3

S98TOO0745 Core 231:2A Lornalf 49i.6 4.9 4.2

rgcg MxxUEMx xxoxxxxyrEI.
Me - -x NE~::~~ON.

S98T000666 Core 230:1 Drainable liquid 51. 51. 51.

S98T000761 Core 231:-1 Drainable liquid 1.8 1.7 1.8

S98T000762 Core 231:2 Drainable liquid 15.2 51 1.3

S98T000763 Core 231:2A Drainable liquid 1.1 1.1 1.1
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Table B2-56. Tank 241-TX-104 Liquid Analytical Results: Total Alpha.

........ RO NE.~ .,

S98T000665 Core 230:1 Drainable liquid 0.00734 0.00706 0.0072

S98T000666 Core 230:2 Drainable liquid 0.044 0.0301 0.0371Qc:e

S98T000761 Core 231:1 Drainable liquid 6.89 5.66 6.28

S98T000762 Core 231:2 Drainable liquid 0.0062 0.00393 0.00507"*

S98T000763 Core 231:2A Drainable liquid 0.00563 0.00478 0.00521

Table B2-57. Tank 241-TX-104 Solid Analytical Results: Total Alpha.
u.ph I IMpl

8,3$0.$ >0. 0 * :.: . _..__..

P0mb . m no 0 00%o$>0 .

S98T000672 Core 230:1 Lower half 1.22 0.662 0.941 *

S98T000678 Core 230:2 Lower half 0.0378 0.0368 0.0373

S98T000679 Core 230:2A Lower half 0.0265 0.0305 0.0285

S98T000749 Core 231:1 Lower half 0.395 0.397 0.396

S98T000750 Core 231:2 Lower half 0.25 0.292 0.271

S98T000751 Core 231:2A Lower half 0.173 0.185 0.179
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Table 32-58. Tank 241 -TX- 104 Analytical Results: Total Inorganic Carbon
xS

Sampoe M on0 ... 0

S98TOO0649 Core 230:1 Lower half 6,520 7,290 6,910-

S98TOO0654 Core 230:2 Lower half 2,540 12,5 6 O 2,550c QCa

S98TOO0655 Core 230:2A Lower half 2,790 2,740 2,770

S98TOO0743 Core 23 1:1 Lower half 9,730 9,550 9,640

S98TOO0744 Core 231:2 Lower half 3,920 3,300 3,610

S98T00745 Core 231:2A Lower half 2,820 2,580 2,700

.oooo - M .- ..o oo -o

S98T000665 Core 230:1 Drainable liquid 12,100 11,200 11,700

S98T000666 Core 230:2 Drainable liquid 12,800 12,100 12,500

S98TOO0761 Core 23 1:1 Drainable liquid 12,700 13,700 13,200

S98T000762 Core 231:2 Drainable liquid 12,800 12,800 12,800

S98T000763 Core 231:2A Drainable liquid 13,000 12,800 12,900

S98T000649 Core 230:2 Doral lqi 2,80 2,10 2,500

S98T0007614 Core 231:2 LDralfiqi 312,0 4130 3,200

S98T000762 Core 231:2 Drainal lqi 2,00 1,800 1,800

S98T000744 Core 231:2A Drainalfiqi 1,00 1,00 1,700

Table B2-59. Tank 21 Analical Results: Total Organic Carbon. 2 sheets

*,,oxg* MAW No. *M

040:0 0t00 WE .... MA0oox
NUN.4.ffuf MOVE-- mm~X

0 0
ow; .-.- . ....- H .................

S98T000649 Core 230:1 Lower half 2,540 2,750 2,650

S98T000654 Core 23O:2 Lower half 315 413 364c~e

S98T000655 Core 230:2A Lower half 426 421 424

S98T000743 Core 231: 1 Lower half 2,010 1,680 1,850

S98T000744 Core 23 1:2 Lower half 1,440 1,300 1,370

S98T000745 Core 231 :2A Lower half 562 650 606
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Table B2-59. Tank 241-TX-104 Analytical Results: Total Organic Carbon. (2 sheets)
±$E "ORo.

oxx.1cx. Woo<

Mm ....... MY8"oo.~~oxxycoo2.0 ,ooy' uf:fl0 v~~~x~ .
........ :xo .... .~ ...f 

V~

S98T000665 Core 230:1 Drainable liquid 1,370 1,360 1,370

S98T000666 Core 230:2 Drainable liquid 1,400 1,380 1,390

S98T000761 Core 23 1: 1 Drainable liquid 1,190 1,300 1,250

S98T000762 Core 23 1:2 Drainable liquid 1,430 1,510 1,470

S98T000763 Core 231:2A Drainable liquid 1,340 1,290 1,320

B3.0 ASSESSMENT OF CHARACTERIZATION RESULTS

This section discusses the overall quality and consistency of the current sampling results for tank
241-TX-104. This section also evaluates sampling and analysis factors that may impact data
interpretation. These factors are used to assess overall data quality and consistency and to
identify limitations in data use.

B3.1 FIELD OBSERVATIONS

Sample recovery from cores 230 and 231 was good except for the hard layer encountered in both-
cores. Both saltcake and sludge samples were recovered for core 230, while core 231 appeared
to be primarily saltcake. The samples recovered are expected to be representative of tank
contents. Hydrostatic head fluid was added in a subsequent attempt to recover additional
material, resulting in liner liquid that was mostly hydrostatic head fluid in core 231, segment 2A.
No significant hydrostatic head fluid contamination was noted in any of the samples.

B3.2 QUALITY CONTROL ASSESSMENT

The usual QC assessment includes an evaluation of the appropriate standard recoveries, spike
recoveries, duplicate analyses, and blanks, performed in conjunction with the chemical analyses.
All pertinent QC tests were conducted dn February 1998 push core samples, allowing a full
assessment regarding the accuracy and precision of the data. The SAP (McCain 1997) established
specific criteria for all analytes. Sample and duplicate pairs with one or more QC results outside
the specified criteria were identified by footnotes in the data summary tables.
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Quality control checks and criteria for ICP and IC analyses were applied to lithium and bromide,
respectively. All other results for the ICP and IC analytical methods are opportunistic.
Total inorganic carbon and TOC results were performed in support of the organic complexants
safety issue. However, because no exotherms were observed in any of the samples, these analyses
were considered opportunistic, and QC results were not included in the analytical report (Steen
1998).

The standard and spike recovery results provide an estimate of analysis accuracy. If a standard or
spike recovery is above or below the given criterion, the analytical results may be biased high or
low, respectively. The precision is estimated by the relative percent difference (RPD), which is
defined as the absolute value of the difference between the primary and duplicate samples, divided
by their mean, times 100. Two RPDs were outside the target level for total alpha activity.
Reruns were deemed unnecessary because the sample results were far below the action limit. All
other QC values were within the limits for other requested analytes

In summary, the vast majority of QC results were within the boundaries specified in the SAP. The
discrepancies mentioned here and footnoted in the data summary tables should not impact data
validity or use.

B3.3 DATA CONSISTENCY CHECKS

Comparing different analytical methods is helpful in assessing the consistency and quality of the
data. Two comparisons were possible with the data set provided by the two core samples:
a comparison of phosphorous as analyzed by ICP to phosphate as analyzed by IC, and a
comparison of sulfur as analyzed by ICP to sulfate as analyzed by IC. In addition, mass and
charge balances were calculated to help assess the overall data consistency.

B3.3.1 Comparison of Results from Different Analytical Methods

The following data consistency checks compare the results from two analytical methods.
Agreement between the two methods strengthens the credibility of both results, but poor
agreement brings the reliability of the data into question. All analytical mean results were taken
from Section B2.0 tables.

The solids analytical phosphorous mean result as determined by ICP was 5,040 pig/g, which
converts to 15,500 gg/g of phosphate. This is lower than the solids IC phosphate mean result of
18,100 pg/g, indicating that the phosphorous is likely entirely soluble. The RPD between these
two phosphate results is 15.8 percent. The liquid analytical phosphorous mean result as
determined by ICP was 1,210 pg/mL, which converts to 3,710 gg/mL of phosphate. This is much
lower than the liquid IC phosphate mean result of 5,660 tg/mL. The phosphate IC result will be
used for the mass balance calculations. The RPD between these two phosphate results is
41.6 percent.

B-48



HNF-SD-WM-ER-672 Rev. 1

The solids analytical sulfur mean result as determined by ICP was 412 pg/g, which converts to
1,230 gg/g of sulfate. This is higher than the solids IC sulfate mean result of <1,010 gg/g. The
data indicate that the sulfur may be only partly soluble. The RPD between the two results (based
on the less than detect IC value) is 18.5 percent. The liquid analytical sulfur mean result as
determined by ICP was 1,430 pg/mL, which converts to 4,290 gg/mL of sulfate. This is the same
as the IC sulfate mean result. The RPD between the two results is 0.0 percent.

B3.3.2 Mass and Charge Balance.

The principle objective in performing mass and charge balances is to determine whether the
measurements are consistent. In calculating the balances, only the analytes listed in Section B2.0,
which were detected at a concentration of 1,000 pg/g or greater, were considered.

SOLIDS

Except sodium, all cations listed in Table B3-1 were assumed to be in their most common
hydroxide or oxide form, and the concentrations of the assumed species were calculated
stoichiometrically. Aluminum may occur as aluminum hydroxide only in the sludge and as
aluminate (A]O2) in the saltcake portion of the waste. However, it is all assumed to be aluminum
hydroxide for these calculations. Because precipitates are neutral species, all positive charge was
attributed to the sodium cation. The anions listed in Table B3-2 were assumed to be present as
sodium salts and were expected to balance the positive charge exhibited by the cations.
Phosphate, as determined by IC, is assumed to be completely water soluble and appears only in
the anion mass and charge calculations. The concentrations of cationic species in Table B3-1, the
anionic species in Table B3-2, and the percent water were ultimately used to calculate the mass
balance.

The mass balance was calculated from the formula below. The factor 0.0001 is the conversion
factor from pg/g to weight percent.

Mass balance = % water + 0.0001 x {total analyte concentration)

= % water + 0.0001 x (AI(OH) 3 + Cr(OH)3+FeO(OH) + Na +
cr +F 4 NO2- +NO3 + P 4 -3 + Co3.

The total analyte concentrations calculated from the above equation is 7.29E+05 pg/g. The mean
weight percent water (obtained from the gravimetric analyses reported in Table B3-3) is
45.5 percent or 4.55E+05 gg/g. The mass balance resulting from adding the percent water to the
total analyte concentration is 118 percent (see Table B3-3).

The following equations demonstrate the derivation of total cations and total anions; the charge
balance is the ratio of these two values.
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Total cations (peq/g) =
Total anions (geq/g) =

[Nai]/23.0 = 5,390 peq/g
[F-/19.0 + [Cl-]/35.5 + [NO2]/46.0 + [NO]/62.0 +
IPOl]/31.7 + [C03 2 ]/ 30 = 6,160 geq/g.

The solids charge balance, obtained by dividing the sum of the positive charge by the sum of the
negative charge, was 0.87.

The solids charge balance calculation is a little low and the solids mass balance is high. The high
mass balance may be due to including hydrated aluminum hydroxide as percent water in the mass
balance calculation, thereby double counting the aluminum hydroxide. If hydrated aluminum
hydroxide is removed from the percent water value, the mass balance is about 109 percent.
However, there appears to be a cation deficit or anion surplus in the data.

Table 113-1. Cation Mass and Charge Datfo Sois.

_ _ _ . . x

.cc..8cc.AN ....... ...>Y~ .. .%~j .c~~. 0.~ ~ 4 ~ '>

Na 1.24E+05 _Na_ 1.24E+05 5,390
Al 93,200 Al(OH)3 2.69E+05 0
Fe 1,980 FeO(OH) 1 3,150 0
Cr 2,200 Cr(OH)3 4,360 0
Totals _4.1E+05 5,390

Table 133-2. Anion Mass and Charge Data for Solids

Mv-mVN. ... cc. -

F 1,750 |92.1
Cl~ 1,980 55.8
N02- 18,600 |404
N03- 2.64E+05 4,260
C03-2 23,500 |783
P04-3 18,100 |571
Totals |3.28E+05 6,160
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Table B3-3. Anion Mass and Charge Data for Solids
'IV N8o~4

Total from Table B3-1 4.01E+05 +5,390
(cations)
Total from Table B3-2 3.28E+05 -6,160
(anions)
Water percent 45.5 n/a
Totals . 118% 0.87 ratio

LIQUIDS

Aluminum is assumed to be present as aluminate (AIO!) in the drainable liquid. Sodium and
potassium are present as ions. The concentrations of the assumed species were calculated
stoichiometrically. The anions listed in Table B3-5 were expected to balance the positive charge
exhibited by the cations. The concentrations of cationic species in Table B3-4, the anionic species
in Table B3-5, and the percent water were ultimately used to calculate the mass balance.

The mass balance was calculated from the formula below. The factor 0.0001 is the conversion
factor from ptg/g to weight percent. An average specific gravity of 1.45 was used to convert from
ag/mL to pg/g.

Mass balance = % water + 0.0001 x {total analyte concentration)

= % water + 0.0001 x {AO + Na + K+ + Cl~ +F + NO2 +N0 3 + PO 3 +

C0 3 -2

The total analyte concentration calculated from the above equation is 5.22E+05 pg/g. The mean
weight percent water (obtained from the gravimetric analyses reported in Table B3-6) is
51.9 percent or 5.19E+05 gg/g. The mass balance resulting from adding the percent water to the
total analyte concentration is 103 percent (see Table B3-6).

The following equations demonstrate the derivation of total cations and total anions; the charge
balance is the ratio of these two values.

Total cations (geq/g) =
Total anions (geq/g) =

[Na]/23.0 + [K']/39.1 = 6,213 geq/g
[Cl-]/3 5.5 + [NO2]/46.0 + [N0 3-]/62.0 + [P0 4

3]/3 1.7 +
[C03-2 ]/30 = 6,477 peq/g.

The solids charge balance, obtained by dividing the sum of the positive charge by the sum of the
negative charge, waso.85.
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Table B3-4. Cation Mass and Charge Data for Liquids.

C. 90 8094 . 0. .. a 09>xM..>~. &W I-o. k91,9

.0.. N MI.c.. 4.;9

1~ 6,70 14150

Na 1.41E+05 95K 6,150

PK ,900K 12375

Totals 1.43E+05 6,200

Table B3-5. Anion Mass and Charge Data for Liquids.

A02 4,810 81.5
Cl 6,880 194
NO2- 65,000 1,410
NO3; 2.45E+05 3,950
C0 3 - 43,100 1,435
P04-3  13,900 123
Totals 13.69E+05 17,257

Table B3-6. Mass and Charge Balance Totals Liquids.
xo.~~'.mn 

.. 
ox__~0

Total from Table B3-4 (catiois) 1.43E+05 +6,213
Total from Table B3-5 (anions) 3.69E+05 -7,257
Percent water 51.9% n/a
Totals 103% 0. 85 ratio

B3.4 MEAN CONCENTRATIONS AND CONFIDENCE INTERVALS

B3.4.1 Solid Data

A nested analysis of variance (ANOVA) model was fit to the core segment data. Mean values,
and 95 percent confidence intervals on the mean, were determined from the ANOVA
(Table B3-7). Four variance components were used in the calculations. The variance
components represent concentration differences between risers, segments, laboratory samples, and
analytical replicates. The model is:

Yijk = + Ri + Sij + Lijk + Aijk.,

i = 1,2,...,a; j = 1,2,...,b;; k = 1,2,...,cij; m = 1, 2 ,...,nijk
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where

Yijm= concentration from the m"' analytical result of the kt sample of the jh
segment of the it riser

the mean

R, = the effect of the i* riser

Sij = the effect of the jt segment from the it riser

Lik = the effect of the kh sample from the j"' segment of the i ' riser

Aijm= the analytical error

a = the number of risers

bi = the number of segments from the i6 riser

Cij = the number of samples from the jth segment of the ith riser

nijk = the number of analytical results from the ijkth sample.

The variables Ri, Sij, and Lijk are random effects. These variables, as well as Aijk, are assumed to
be uncorrelated and normally distributed with means zero and variances 6(R), a2 (S), 6(L) and
& (A), respectively.

The restricted maximum likelihood (REML) method was used to estimate the mean concentration
and standard deviation of the mean for all analytes that had 50 percent or more of their reported
values greater than the detection limit. The mean value and standard deviation of the mean were
used to calculate the 95 percent confidence intervals. The following table gives the mean, degrees
of freedom, and confidence interval for each constituent.

Some analytes had results that were below the detection limit. In these cases, the value of the
detection limit was used for nondetected results. For analytes with a majority of results below
the detection limit, a simple average is all that is reported. Using the detection limit in the
computation of the mean value may bias the mean high.

The lower and upper limits, LL(95%) and UL(95%), of a two-sided 95 percent confidence
interval on the mean were calculated using the following equation:
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LL(95%) = P - t(df 0.025) X0(),

UL(95%) = p + t(o.025) X ()

In this equation, A is the REML estimate of the mean concentration, 6- (Al ) is the REML

estimate of the standard deviation of the mean, and t(df, 0.025) is the quantile from Student's t
distribution with df degrees of freedom. The degrees of freedom equals the number of risers with
data minus one. In cases where the lower limit of the confidence interval was negative, it is
reported as zero.

Table B3-7. Tank 241-TX-104 95 Percent Two-Sided Confidence Interval for the Mean
Concentration for Solid Data. (2 sheets)

Aluminum ICP:A 93,200 1 0.00 6.69E+05 pg/g

Antimony* ICP:A <34.2 n/a n/a n/a pg/g
Arsenic* ICP:A <56.9 n/a n/a n/a pg/g
Barium* ICP:A <28.5 n/a n/a n/a g/g
Beryllium* ICP:A <2.85 n/a n/a n/a g/g
Bismuth* ICP:A <110 n/a n/a n/a pg/g
Boron ICP:A <101 1 0.00 485 pg/g
Bromide* IC:W <852 n/a n/a n/a pg/g
Cadmium* ICP:A <4.03 n/a n/a n/a jg/
Calcium ICP:A 347 1 0.00 1,130 g/g
Cerium* ICP:A <56.9 n/a n/a n/a g/g
Chloride IC:W 1,980 1 0.00 10,400 pg/g
Chromium ICP:A 2,200 1 0.00 9,010 g/g
Cobalt* ICP:A <11.4 n/a n/a n/a g/g
Copper* ICP:A. 9.75 1 0.00 40.3 g/g
Fluoride* IC:W 1,750 1 0.00 11,200 pg/g
Gross alpha Alpha:F 0.309 1 0.00 2.07 4Ci/g

Iron ICP:A 1,980 1 0.00 9,270 pg/g
Lanthanum* ICP:A <28.5 n/a n/a n/a g/g
Lead* ICP:A <77.5 n/a n/a n/a g/

Lithium* ICP:A <5.69 n/a n/a n/a g/g
Magnesium* ICP:A 136 1 0.00 832 pg/g
Manganese ICP:A 425 1 0.00 3,440 g/g
Molybdenum* ICP:A <30.5 n/a n/a n/a pg/g
Neodymium* ICP:A <56.9 n/a . n/a n/a g/g
Nickel* ICP:A <12.3 n/a n/a n/a g/g
Nitrate IC:W 2.64E+05 1 0.00 9.1OE+05 tg/g_

Nitrite IC:W 18,600 1 0.00 97,900 P/g
Oxalate* IC:W 2,710 1 0.00 14,500 p/g
Percent Water DSC/TGA 45.5 1 0.00 98.8 %
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Table B3-7. Tank 241-TX-104 95 Percent Two-Sided Confidence Interval for the Mean
Concentration for Solid Data. (2 sheets)

Phosphate IC:W 18,100 1 0.00 1.06E+05 g/g

Phosphorus ICP:A 5,040 1 0.00 28,000 g
Potassium* ICP:A 814 1 0.00 3,580 g
Samarium* ICP:A <56.9 n/a n/a n/a g/g
Selenium* ICP:A 79.3 1 0.00 350 pg/g
Silicon ICP:A 314 1 0.00 1,680 g/g
Silver* ICP:A 12.6 1 0.00 55.9 g/g
Sodium ICP:A 1.24E+05 1 0.00 4.59E+05 jg/g
Strontium* ICP:A <5.69 n/a n/a n/a pg/g
Sulfate* IC:W <1,010 n/a n/a n/a pg/g
Sulfur ICP:A 412 1 0.00 1,850 pg/g
Thallium* ICP:A <114 n/a n/a n/a
Titanium* ICP:A 26.4 1 0.00 281
Total inorganic TIC/TOC 4,700 1 0.00 19,900 gg/g
carbon
Total organic TIC/TOC 1,210 1 . 0.00 n/a pg/g
carbon tP
Uranium* ICP:A <827 n/a n/a n/a pg/g
Vanadium* ICP:A <28.5 n/a n/a n/a g/g
Zinc ICP:A 47.6 1 0.00 403 g/g

Zirconium* ICP:A 16.4 1 0.00 124

Notes:
*A "less than" value was used in the calculation.

A = acid digest
F=fusion
W = water digest

B3.4.2 Liquid Data

The model fit to the liquid data was a nested ANOVA model. The model determined the mean
value, and 95 percent confidence interval, for each constituent (Table B3-8). Two variance
components were used in the calculations. The variance components represent concentration
differences between samples taken from different risers, and between analytical replicates. The
model is:
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Yijk = + Ri + Aij,

i=l,2,...,a; j=l,2,...,nj;

where

= concentration from the kt analytical result of the jh sample from the it
segmen

= the mean

= the effect of the i' riser

= the analytical error

= the number of segments

= the number of analytical results from the ih riser.

The variable Ri is a random effect. This variable, along with Aij, is assumed to be uncorrelated
and normally distributed with means zero and variances a2(R) and &2(A), respectively. The df
associated with the standard deviation of the mean is the number of risers with data minus one.

Table B3-8. Tank 241-TX-104 95 Percent Two-Sided Confidence Interval for the Mean
Concentration for Licuid Data. (2 sheets) -

Aluminum ICP 3,190 1 1,360 5,010 pg/mL
Antimony* ICP <36.1 n/a n/a n/a g/mL
Arsenic* ICP <60.1 n/a n/a n/a jig/mL
Barium* ICP <30.1 n/a n/a n/a g/mL
Beryllium* ICP <3.00 n/a n/a n/a g/mL
Bismuth* ICP <60.1 n/a n/a n/a g/mL
Boron ICP 49.5 1 26.1 72.8 pg/mL
Bromide* IC <1,290 n/a n/a n/a pg/mL
Cadmium* ICP <3.00 n/a n/a n/a [tg/mL
Calcium* ICP <61.6 n/a n/a n/a jg/mL
Cerium* ICP <60.1 n/a n/a n/a 4g/mL
Chloride IC 9,980 1 0.00 39,700 ig/mL
Chromium ICP 3,560 1 1,550 5,570 pg/mL
Cobalt* ICP <12.0 n/a n/a n/a pg/mL
Copper* ICP <6.01 n/a n/a n/a pg/mL
Fluoride* IC <136 n/a n/a n/a pg/mL
Gross alpha Alpha Rad 1.27 1 0.00 17.2 Ci/mL
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Table B3-8. Tank 241-TX-104 95 Percent Two-Sided Confidence Interval for the Mean
Concentration for Liquid Data. (2 sheets)

Iron* ICP <85.4 n/a n/a n/a pg/mL
Lanthanum* ICP <30.1 n/a n/a n/a - pg/mL
Lead* ICP <60.1 n/a n/a n/a ig/mL

Lithium* ICP <6.01 n/a n/a n/a Rg/nL
Magnesium* ICP <60.1 n/a n/a n/a ig/mL
Manganese* ICP <31.7 n/a n/a n/a ig/mL
Molybdenum ICP 63.9 1 5.02 77.5 pg/mL
Neodymium* ICP <60.1 n/a n/a n/a ltg/mL
Nickel* ICP <12.0 n/a n/a n/a jg/mL
Nitrate IC 3.55E+05 1 0.00 1.28E+06 jig/mL

Nitrite IC 94,200 1 0.00 3.81E+05 jg/mL
Oxalate* IC <1,230 n/a n/a n/a pg/mL
Percent Water DSC/TGA 51.9 1 41.2 62.6 %
Phosphate IC 5,660 1 0.00 22,500 ptg/mL
Phosphorus ICP 1,210 1 925 1,500 pig/mL
Potassium ICP 2,850 1 1,700 4,000 ji/mL
Samarium* ICP <60.1 n/a n/a n/a jg/mL
Silicon ICP 72.4 1 0.00 175 pg/mL
Silver ICP 14.8 1 12.2 17.4 pg/mL
Sodium ICP 2.05E+05 1 1.74E+05 2.36E+05 ug/mL
Strontium* ICP <6.01 n/a n/a n/a t/mL
Sulfate* IC 4,290 1 0.00 22,500 ig/mL
Sulfur ICP 1,430 1 1,120 1,750 pg/mL
Thallium* ICP <120 n/a n/a n/a pg/mL
Titanium* ICP <6.01 n/a n/a n/a pg/mL
Total inorganic TIC/TOC 12,500 1 6,700 18,300 jig/mL
carbon
Total organic TIC/TOC 1,360 1 880 1,830 jig/mL
carbon
Uranium* ICP <300 n/a n/a n/a pg/mL
Vanadium* ICP <30.1 n/a n/a n/a pg/mL
Zinc* ICP <6.01 n/a n/a n/a pig/mL
Zirconium* ICP <6.15 n/a n/a n/a g/mL

Note:
* A "less than" value was used in the calculation.

B-57



HNF-SD-WM-ER-672 Rev. 1

B4.0 APPENDIX B REFERENCES

DeLorenzo, D. S., A. T. DiCenso, D. B. Hiller, K. W. Johnson, J. H. Rutherford, D. J. Smith, and
B. C. Simpson, 1994, Tank Characterization Reference Guide, WHC-SD-WM-TI-648,
Rev. OA, Westinghouse Hanford, Company, Richland, Washington.

Dukelow, G..T., J. W. Hunt, H. Babad, and J. E. Meacham, 1995, Tank Safety Screening Data
Quality Objective, WHC-SD-WM-SP-004, Rev. 2, Westinghouse Hanford Company,
Richland, Washington.

Duchsherer, M. J., E. S. Mast, L. A. Pingel, M. Stauffer, R. S. Viswanath, D. B. Bonfoey,
G. A. Fies, C. V. Dormant, 1997, Tank Vapor Sampling and Analysis Package for Tank
241-TX-104, Sampled May 5, 1997, HNF-SD-WM-DP-28 1, Rev. 0, Numatec Hanford
Corp. for Fluor Daniel Hanford, Inc., Richland, Washington.

McCain, D. J., 1997, Tank 241 -TX-104 Push Core Sampling and Analysis Plan,
HNF-SD-WM-TSAP-151, Rev. 0, Lockheed Martin Hanford Corp. for FluorDaniel
Hanford, Inc., Richland, Washington.

Meacham, J. E., D. L. Banning, M. R. Allen, and L. D. Muhlestein, 1997, Data Quality Objective
to Support Resolution of the Organic Solvent Safety Issue, HNF-SD-WM-DQO-026,
Rev. 0, Duke Engineering and Services Hanford, Inc. for Fluor Daniel Hanford, Inc.,
Richland, Washington.

Osborne, J. W., and L. L. Buckley, 1995, Data Quality Objectivesfor Tank Hazardous Vapor
Safety Screening, WHC-SD-WM-DQO-002, Rev. 1, Westinghouse Hanford Company,
Richland, Washington.

Schreiber, R. D., 1997, Memorandum of Understandingfor the Organic Complexant Safety Issue
Data Requirements, HNF-SD-WM-RD-060, Rev. 0, Lockheed Martin Hanford Corp. for
Fluor Daniel Hanford, Inc., Richland, Washington.

Steen, F. H., 1998, Tank 241-TX-104, Cores 230 and 231 Analytical Results for the Final
Report, IHNF-SD-WM-DP-305, Rev. 0, Waste Management Federal Services of Hanford
Inc., Richland, Washington.

WHC, 1992, Safety Department Administration Manual, WHC-IP-0030, Westinghouse Hanford
Company, Richland, Washington.

B-58



HNF-SD-WM-ER-672 Rev. I

APPENDIX C

STATISTICAL ANALYSIS FOR ISSUE RESOLUTION

C-1



HNF-SD-WM-ER-672 Rev. 1

This page intentionally left blank

C-2



HNF-SD-WM-ER-672 Rev. 1

APPENDIX C

STATISTICAL ANALYSIS FOR ISSUE RESOLUTION

Appendix C documents the results of the analyses and statistical and numerical manipulations
required by the DQOs applicable to tank 241-TX-104. The analyses required for
tank 241-TX-104 are reported as follows:

* Section C1.0: Statistical analysis and numerical manipulations supporting the safety
screening DQO (Dukelow et al. 1995).

" Section C2.0: Appendix C References.

C1.0 STATISTICS FOR THE SAFETY SCREENING
DATA QUALITY OBJECTIVE

The safety screening DQO (Dukelow et al. 1995) defines decision limits in terms of one-sided
95 percent confidence intervals. The safety screening DQO limits are 30.0 gCi/g for total alpha
activity and 480 J/g for dry weight DSC. Confidence intervals were calculated for the mean
values from each laboratory sample. Table Cl-1 shows the total Alpha activity results. Because
none of the 22 DSC results had an exothermic reaction, no upper limits for DSC were calculated.

The upper limit (UL) of a one-sided 95 percent confidence interval on the mean is

A + t(df,O.05) O,

In this equation, A is the arithmetic mean of the data, 6, is the estimate of the standard
deviation of the mean, and t(dr,o.os) is the quantile from Student's t distribution with df degrees of
freedom. The degrees of freedom equals the number of samples minus one.

For sample numbers with at least one value above the detection limit, the upper limit of a
95 percent confidence interval is given in Table CI-. Each confidence interval can be used to
make the following statement. If the upper limit is less than 30.0 gCi/g (61.5 pCi/mL for
drainable liquid), then one would reject the null hypothesis that the alpha is greater than or equal
to 30.0 pCi/g (61.5 pCi/mL for drainable liquid) at the 0.05 level of significance.

All 22 of the total alpha activity results were above the detection limit. The UL closest to the
threshold was 2.70 pCi/g for core 230, segment 1. This is well below the limit of 30.0 pCi/g.
For drainable liquid, the maximum total alpha activity was 6.28 with a UL of 10.2 for core 231,
segment 1. This is below the limit of 61.5 gCi/mL.
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Table Cl-i. 95 Percent Upper Confidence Limits for Gross Alpha.

S98T000665 Core 230, segment I 7.20E-03 1 8.OSE-03 pCi/mL

S98T000666 Core 230, segment 2 3.70E-02 1 8.09E-02 pCi/mL

S98T000672F Core 230, segment 1, lower half 9.41E-01 I 2.70E+00 gCi/g

S98T000678F Core 230, segment 2, lower half 3.73E-02 1 4.05E-02 iCi/g

S98T000679F Core 230, segment 2A lower half 2.85E-02 1 4.1 IE-02 pCi/g

S98T000749F Core 231, segment 1, lower half 3.96E-01 1 4.02E-01 gCi/g

S98T000750F Core 231, segment 2, lower half 2.71E-01 I 4.04E-01 gCi/g

S98T000751F Core 231, segment 2A lower half 1.79E-01 1 2.17E-01 piCi/g

S98T0O761 Core 231, segment I 6.28E+00 1 1.02E+01 pCi/mL

C2.0 APPENDIX C REFERENCES

Dukelow, G. T., J. W. Hunt, H. Babad, and J. E. Meacham, 1995, Tank Safety Screening Data
Quality Objective, WHC-SD-WM-SP-004, Rev. 2, Westinghouse Hanford Company,
Richland, Washington.
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APPENDIX D

EVALUATION TO ESTABLISH BEST-BASIS INVENTORY
FOR SINGLE-SHELL TANK 241-TX-104

An effort is underway to provide waste inventory estimates that will serve as standard
characterization source terms for the various waste management activities (Hodgson and LeClair
1996). As part of this effort, an evaluation of available information for single-shell tank
241-TX-104 was performed, and a best-basis inventory was established. This work follows the
methodology established by the standard inventory task.

D1.0 CHEMICAL INFORMATION SOURCES

Available waste (chemical) information for tank 241-TX-104 includes the following:

" Tank 241-TX-104 core samples obtained February 1998, and

* Hanford Defined Waste (HDW) model document (Agnew et al. 1997a) tank content
estimates in terms of component concentrations and inventories.

D2.0 COMPARISON OF COMPONENT INVENTORY VALUES

The tank 241-TX-104 chemical and radionuclide inventories predicted from the HDW model
estimates (Agnew et al. 1997a) and previous best-basis estimates are shown in Tables D2-1 and
D2-2. The chemical species are reported without charge designation according to the best-basis
inventory convention. Only 90Sr and 137 Cs radionuclide isotopes are shown in Table D2-2 because
all other isotope values in the previous bestbasis were based on the HDW model.

Because samples were not obtained from tank 241-TX-104 until February 1998, the previous
best-basis estimates were based on sample data from tanks expected to contain similar waste
types. The saltcake layer was assumed to be similar to waste from tanks 241-U-102
(Hu et al. 1997), tank 241-U-105 (Brown and Franklin 1996) and tank 241-TX-116 (Horton
1977), with a density of 1.7 g/mL. The sludge layer was assumed to be similar to waste in tanks
241-S-10 1 (Kruger et al. 1996), 241-S-104 (DiCenso et al. 1994) and 241-S-107 (Simpson et al.
1996) with a sludge density of 1.77 g/mL. Agnew et al. (1997a) reports tank 241-TX-104 to
contain 68.1 kL (18 kgal) of metal waste sludge and 174 kL (46 kgal) of saltcake from the 242-T
Evaporator. Both the HDW and previous best-basis inventory calculations are based on a total
tank volume of 246 kL (65 kgal). The HDW model is based on a density of 1.5 g/mL.
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Table D2-1. Comparison of Inventory Estimates for Nonradioactive Components in
Tank 241 -TX-104.

~(x0~xx~~ oHoooxox :n etxrvPrvoxo 0 ettas

Cal . 432 -12

Cl:0 :,1:0,00

F] 53140 2,400

Ca 42E0 12

Al 1,140 2,4700

Mi 61.8 61.8

Cr 777 629
F .276 . 597
Fe 534 418
Hg 0.338 0
K 337 566
La 2.03E-05 0
Mn 20.8 232
Na 49,700 75,500
Ni 58.0 42
NO2  12,600 13,000
NO3  44,900 1.08E+05
OHTOTAL 31,300 46,300
Pb 32.5 36.5
P0 4  4,120 2,530
Si 296 202
SO4  4,100 5,110
Sr 0 52.6
TIC as CO 3  11,600 16,900
TOC 1,940 2,990
UTOTAL 28,700 1,040
Zr 5.78 5.78

Notes:

'Agnew et al. (1997a)
2Effective January 31, 1997 (LMHC 1998), based on U, TX, and S farm tanks expected to contain similar
waste types.
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Table D2-2. Comparison of Inventory Estimates for Selected Radioactive Components in
Tank 241-TX-104.

~~*S.~ .55% .~xx .&.:*. < ... ...... .

MSS.§ 194,9 00- - 34,7N0* . xx .xmcxo :& o* g Z -gx m a l e xgl m xffi g .....x. ..x. . x.

anx 
08.xo~~o:O A. .~.x~>oo 

xoxxx xxx~

?0Sr 14,900 34,700
137Cs 40,600 43,000

Notes:
'Agnew et al. (1997a), decayed to January 1, 1994.
2Effective January 31, 1997 (LMHC 1998), based on U, TX, and S farm tanks expected to contain similar
waste types.

D3.0 COMPONENT INVENTORY EVALUATION

D3.1 WASTE HISTORY

Tank 241-TX-104 began receiving metal waste (MW) in November 1950. The tank contained
MW until the fourth quarter of 1956 when the tank was declared empty (Rodenhizer 1987). The
tank received REDOX waste between 1957 and 1973. According to Anderson (1990), this tank
was essentially full of high-level R waste from 1963 until 1971. At that point, 1,995 kL
(527 kgal) of waste was transferred to tank 241-TX-101. Anderson notes that the tank contained
68.1 kL (18 kgal) of solids after the transfer.

From 1973 until 1975, the tank received B Plant low-level wastes, PUREX organic wash waste,
REDOX ion exchange waste, REDOX waste, and tributyl phosphate waste. The tank received
evaporator bottoms from the 242-T Evaporator in 1976 and 1977 (Agnew et al. 1997b). The
tank was labeled inactive in 1977. The supernatant was pumped and the tank was interim
stabilized in September 1979, with intrusion prevention completed in August 1984. The tank is
classified as a sound, stabilized tank. For a more complete history of the waste in this tank, refer
to the supporting document (Brevick et al. 1997).

D3.2 CONTRIBUTING WASTE TYPES

Expected waste types in tank 241-TX-104, based on the various source documents, are as
follows:

Agnew et al. (1997a): SMMT2 and MW
Hanlon (1998): saltcake
Hill et al.(1995): R, EB, and MIX
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SMMT2 = a mixture of concentrated supernatant coming from the 242-T Evaporator.
EB = evaporator bottoms
MIX = mixture of several miscellaneous wastes.

The three references list the waste volume in tank 241-TX-104 as 246 kL (65 kgal).
Hanlon (1998) and Hill et al. (1998) identify the waste as saltcake. Agnew et al. (1997a)
separates the waste into a 68.1 -kL (I 8-kgal) sludge layer and a 174-kL (46-kgal) SMMT2
saltcake layer with 3.8 kL (1 kgal) of supernatant. Agnew et al. (1997a) identifies the sludge
layer as "unknown" but assigns it as MW. However, a review of the information in Anderson
(1990) suggests that it may be more appropriate to assign the waste type as R rather than MW.

The previous best-basis inventory assumed there was no supernatant, sample results indicate that
the tank contains approximately 5.1 cm (2 in.) of supernatant and more drainable liquid than
predicted by Hanlon (1998).

D3.3 ASSUMPTIONS USED

An engineering evaluation based on tank 241-TX-104 sample results was conducted to predict-
tank contents and compare results with the previous best basis and HDW model results. The
engineering evaluation assumes the following:

The total tank volume listed in Hanlon (1998) of 246 kL (65 kgal) is used.

The liquid and solids volumes used to calculate analyte inventories are specified in Section D3.4.
The average solids analytical mean density was 1.82 g/mL and specific gravity of the liquids was
1.45.

All radionuclide data were corrected to January 1, 1994.

D3.4 BASIS FOR CALCULATIONS USED IN THIS ENGINEERING EVALUATION

Tank samples showed a heterogeneous mixture of sludge and saltcake in the segments analyzed.
As a result, no attempt was made in this inventory evaluation to determine the relative
proportions of sludge and saltcake in the samples or to compare analytical results with other tank
results. Total inventory results were based on the mean solids analytical result for all segments
(see Section B3.4) multiplied by the total estimated solids volume and the mean drainable liquid
results multiplied by the estimated liquid volume. The methodology used is shown in Table D3-1.

Based on sample stroke lengths and percent recovery (see Table 1-1), samples were
representative of only the top 61 percent of the tank waste or 151 kL (40 kgal). The mass of
solid and drainable liquid in the samples was 708 g solid and 622 g liquid. For a mean solids
density of 1.82 g/mL and mean specific gravity of 1.45, this equates to 389 mL solid (48 percent)
and 429 mL liquid (52 percent). Therefore, the volume of tank solids represented by the samples
was 72 kL (19 kgal) and the volume of drainable liquids was 79.5 kL (21 kgal). Assuming the
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waste not represented by the samples (95 kL [25 kgal]) contains no drainable liquid, the total
volume of solids in the tank is 167 kL (44 kgal).

Field sampling results indicated that the top 5 cm (2 in.) or 20.8 kL (5.5 kgal) of waste in tank
241-TX-104 is supernatant. Therefore, the volume of drainable interstitial liquid is estimated to
be 58.7 kL (15.5 kgal). The supernatant and interstitial drainable liquid are combined to calculate
liquid inventories.

Uranium isotope values are based on total uranium sample results ratioed to HDW model isotope
values. Alpha isotope values are based on total alpha sample results ratioed to HDW model
isotope values. Total alpha analysis was the only radioactivity analysis conducted for tank
241-TX-104 samples.

The HDW model values were used as the best-basis inventory for radionuclides when sample
results were not available. Engineering based values were not used because the solids recovered
were a mixture of saltcake and sludge. It would appear that the tank contains more sludge than
shown in Hanlon (1998), but a specific volume could not be determined.

Measured drainable liquid and solids concentrations and inventory calculations are presented in
Table D3-2. Hanford Defined Waste model inventory values are also shown for comparison.

Table D3-1. Inventory Calculations for Tank 241-TX-104.

Supernatant/drainable Multiplied mean drainable liquid sample concentrations (see
liquid Section B3.4) by a volume of 79 kL (21 kgal).
Saltcake and sludge Multiplied mean solids sample concentrations (see Section B3.4)

by an average density of 1.82 g/mL and solids volume of 167 kL
(_44 kgal).
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Table D3-2. Anion Mass and Charge Data for Solids.

A=093,2 M 28 0 , 0 28,6X0o5,140

Bi <110 33.4 <60.1 4.75 38.2 61.8
Ca 347 105 <61.6 4.87 110 432
C: 1,980 602 9,980 788.4 1,390 1,180
TIC as C03 23,500 7,140 62,500 4,940 11,900 11,600
Cr 2,200 669 3,560 281 950 777
F 1,750 532 <136 10.7 543 276
Fe 1,980 602 <85.4 6.75 609 534
K 814 247 2,850 225 473 337
La <28.5 8.66 <30.1 2.38 11.0 0
Mn 425 129 <31.7 2.50 132 20.8
Na 1.24E+05 37,700 2.05E+05 16,200 53,900 49,700
Ni <12.3 3.74 <12.0 0.948 4.69 58.0
NO2  18,600 5,650 94,200 7,440 13,100 12,600
NO3  2.64E+05 80,200 3.55E+05 28,000 1.08E+05 44,900
Pb <77.5 23.6 <60.1 4.75 28.3 32.5
P0 4  18,100 5,500 5,660 447 5,950 4,120
Si 314 95.4 72.4 5.72 101 296
S04 1,236 375 4,290 339 715 4,100
Sr <5.69 1.73 <6.01 0.475 2.20 0
TOC 1,210 368 1,360 107 475 1,940
U <827 251 <300 23.7 275 28,700
Zr 16.4 5.31 <6.15 0.486 5.47 5.78
Total alpha 0.31 94.2 1.27 100 195

Notes:
'Mean sample value (see Section B3.4)
2Based on a volume of 178 kL and density of 1.82 g/mL
3Based on a volume of 68 kl

D3.5 DOCUMENT ELEMENT BASIS

This section compares inventory estimates derived from sample data to the inventory estimates
calculated by the HDW model. Once the best-basis inventories were determined, the hydroxide
inventory was calculated by performing a charge balance with the valences of other analytes. This
charge balance approach is consistent with that used by Agnew et al. (1997a).
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In general, good correlation was observed between the HDW model estimates and sample-based
inventory. The following exceptions were noted.

Aluminum. The sample-based inventory was approximately six times larger than the HDW
model estimate for aluminum. This difference may be attributed to the HDW model assuming that
the sludge layer is MW which contains no aluminum. The higher aluminum concentrations
support the assumption that the sludge is high-level REDOX waste from 1952 to 1957 (RI)
rather than MW.

Uranium. The sample-based inventory for uranium was approximately 100 times smaller than
the HDW model estimate. Uranium is typically much greater in MW waste (- 248,000 ppm) than
in R1 waste (-200 ppm). Again, the difference is attributed to the assumption in the HDW model
that the sludge is MW.

Calcium. The sample-based inventory was approximately five times smaller than the HDW model
estimate for calcium. The calcium inventory in the HDW model estimate is frequently high in
other tanks also, and the difference is attributed to blending assumptions made in the SMIM.

Nitrate. The sample-based inventory for nitrate was approximately two and a half times larger
than the HDW model estimate. This difference is because the HDW assumes that the sludge is
MW waste.

Sulfate. The sample-based inventory for sulfate was approximately seven times lower than the
HDW model estimate. This difference is consistent with assumptions that the sludge is MW.

Total Organic Carbon. The sample-based inventory for TOC was approximately four times
smaller than the HDW model estimate. Neither MW nor RI waste is expected to contain TOC
analytes. Therefore, the difference is attributed to blending assumptions made in the SMM.

D4.0 DEFINE THE BEST BASIS AND ESTABLISH COMPONENT
INVENTORIES

Tank farm activities include overseeing tank farm operations and identifying, monitoring, and
resolving safety issues associated with these operations and with the tank wastes. Disposal
activities involve designing equipment, processes, and facilities for retrieving wastes and
processing them into a form suitable for long-term storage/disposal. Information about chemical,
radiological, and/or physical properties is used to perform safety analyses, engineering
evaluations, and risk assessment work associated with tank farm operation and disposal activities.

Chemical and radiological inventory information is generally derived using three approaches':
1) component inventories are estimated using the results of sample analyses, 2) component
inventories are predicted using the HDW model based on process knowledge and historical
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information, or 3) a tank-specific process estimate is made based on process flowsheets, reactor
fuel data, essential material usage, and other operating data.

An effort is underway to provide waste inventory estimates that will serve as standard
characterization source terms for the various waste management activities (Hodgson and LeClair
1996). As part of this effort, an evaluation of chemical information for tank 241-TX-104 was
performed, and a best-basis inventory was established. This work, follows the methodology
established by the standard inventory task. The following information was used in the evaluation:

" Analytical results for two 1998 push mode core samples
" Tank waste photographs
" Inventory estimates generated by the HDW model (Agnew et al. 1997a).

Based on this evaluation, a best-basis inventory was developed for tank 241-TX-104. The
sampling-based inventory was chosen as the best basis for those analytes for which analytical
values were available. The HDW model results were used if no sample based information was
available.

Best-basis tank inventory values are derived for 46 key radionuclides (as defined in Section 3.1 of
Kupfer et al. 1998), all decayed to a common report date of January 1, 1994. Often, waste
sample analyses have only reported 90Sr, '3 7Cs, 239 2 40Pu, and total uranium (or total beta and total
alpha), while other key radionuclides such as 60Co, 99Tc, 1291, ' 4Eu, "Eu, and 241Am have been
infrequently reported. For this reason it has been necessary to derive most of the 46 key
radionuclides by computer models. These models estimate radionuclide activity in batches of
reactor fuel, account for the split of radionuclides to various separations plant waste streams, and
track their movement with tank waste transactions. These computer models are described in
Kupfer et al. (1998), Section 6.1 and in Watrous and Wootan (1997). Model-generated values
for radionuclides in any of the 177 Hanford Site tanks are reported in the HDW Rev. 4 model
results (Agnew et al. 1997a). The best-basis value for any one analyte may be either a model
result or a sample-or engineering assessment-based result, if available.

The best-basis inventory estimate for tank 241-TX-104 is presented in Tables D4-1 and D4-2.
Mercury values were specified in Simpson (1998).

The inventory values reported in Tables D4-1 and D4-2 are subject to change. Refer to the Tank
Characterization Database (TCD) (LMHC 1998) for the most current inventory values.
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Table D4-1. Best-Basis Inventory Estimates for Nonradioactive Components in
Tank 241-TX-104. (Effective December 1, 1998)

Al 28,600 S
Bi 38.2 S/E Upper bounding estimate
Ca 110 S
Cl 1,390 S
TIC as CO3  12,100 S
Cr 950 S
F 543 S
Fe 609 S
Hg 0 E Simpson (1998)
K 473 S
La 11.0 S/F Upper bounding estimate
Mn 132 S
Na 53,900 S
Ni 4.69 S/E Upper bounding estimate
NO2  13,100 S
NO3  1.08E+05 S
OHTOTAL 49,800 C Charge balance calculation
Pb 28.3 S/E Upper bounding estimate
P0 4  5,950 S Based on IC

Si 101 S/E Upper bounding estimate
So 4  715 S Based on ICP
Sr 2.2 S/E Upper bounding estimate
TOC 475 S
UTOTAL 275 S/E Upper bounding estimate
Zr 5.47 S

Notes:
S = sample-based (see Appendix B), M = HDW model-based, Agnew et al. (1 997a), E = engineering

assessment-based, and C = calculated by charge balance; includes oxides as hydroxides, not including CO 3,
NO2, NO3, P0 4, SO 4, and :i03.
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Table D4-2. Best-Basis Inventory Estimates for Radioactive Components in
Tank 241-TX-104 Decayed to January 1, 1994. Effective December 1, 1998). (2 sheets)

MgC 4.01k M -I -.

'C$.33 Nm o c

5NH 27.5 M

59Se 0.29 M

9OSr 14,900 M
90Y 14,900 M
9'Zr 2.11 M
93nrb 1.53 M
99Tc 27.4 M.
106Ru 8.52E-04 M
113M'Cd 10.9 M

1Sb 18.9 M
16Sn 0.648 M
I29 O.0528 M

4Cs 0.493 M
13Cs 140,600 M
7"'Ba 38,400 M
15Sm 1,5 .10 M
1Eu 0.566 M
4 Eu -74.5 M

1Eu 34.3 M
2Ra 2.90E-05 M
22AC 1.50E-04 M

22Ra 0.0293 M
229Th 6.79E-04 M
23 Pa 5.87E-04 M
232Th 0.00180 M
232U 0.00141 S/E/M Based on total uranium and HDW model

- isotopic distribution.
233u 0.00539 S/E/M Based on total uranium and HDW model

isotopic distribution.
234U 0.0908 S/E/M Based on to .tal uranium and HDW model

I isotopic distribution.
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Table D4-2. Best-Basis Inventory Estimates for Radioactive Components in
Tank 241-TX- 104 Decayed to January 1, 1994. Effective December 1, 1998). (2 sheets)

WIN. 2co2010000o1o. .0001 cccTo INS

'35u 0.00408 S/E/M Based on total uranium and HDW model
isotopic distribution.

236u 6.1 OE-04 S/E/M Based on total uranium and HDW model
isotopic distribution.

23Np 0.0988 M
23PU 2.25 S/M Based on total alpha and HDW model

isotopic distribution.
28u 0.0918 S/E/M Based on total uranium and HDW model

isotopic distribution.
23pU 81.2 S/M Based on total alpha and HDW model

isotopic distribution.
24pU 13.4 S/M Based on total alpha and HDW model

isotopic distribution.
2,OM 97.0 S/M Based on total alpha and HDW model

isotopic distribution.
241PU 150 S/M Based on total, alpha and HDW model

- isotopic distribution.
2Cm 0.269 S/M Based on total alpha and HDW model

isotopic distribution.
6pu 8.27E-04 S/M Based on total alpha and HDW model

isotopic distribution.
M 0.00345 S/M Based on total alpha and HDW model

isotopic distribution.
2Cm 0.0248 S/M Based on total alpha and HDW model

isotopic distribution.
21Cm 0.223 S/M Based on total alpha and HDW model

isotopic distribution.

Notes:
S = sample-based, M = HDW model-based (Agnew et al. 1997a), and E = engineering assessment-based.
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APPENDIX E

BIBLIOGRAPHY FOR TANK 241-TX-104

Appendix E is a bibliography that supports the characterization of tank 241-TX-104. This
bibliography represents an in-depth literature search of all known information sources that provide
sampling, analysis, surveillance, modeling information, and processing occurrences associated
with tank 241-TX-104 and its respective waste types.

The references in this bibliography are separated into three categories containing references
broken down into subgroups. These categories and their subgroups are listed below.

I. NON-ANALYTICAL DATA

Ia. Models/Waste Type Inventories/Campaign Information
lb. Fill History/Waste Transfer Records
Ic. Surveillance/Tank Configuration
Id. Sample Planning/Tank Prioritization
le. Data Quality Objectives/Customers of Characterization Data

I. ANALYTICAL DATA - SAMPLING OF TANK WASTE AND WASTE TYPES

Ila. Sampling of Tank 241-TX-104

III. COMBINED ANALYTICAL/NON-ANALYTICAL DATA

Ila. Inventories Using Both Campaign and Analytical Information
IlIb. Compendium of Existing Physical and Chemical Documented Data Sources

This bibliography is broken down into the appropriate sections of material with an annotation at
the end of each reference describing the information source. Most information listed below is
available in the Lockheed Martin Hanford Corporation Tank Characterization and Safety
Resource Center.
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L NON-ANALYTICAL DATA

Ia. Models/Waste Type Inventories/Campaign Information

Anderson, J. D., 1990, A History of the 200 Area Tank Farms, WHC-MR-0 132,
Westinghouse Hanford Company, Richland, Washington.

* Contains single-shell tank fill history and primary campaign and waste
information to 1981.

Jungfleisch, F. M., and B. C. Simpson, 1993, Preliminary Estimation of the Waste
Inventories in Hanford Tanks Through 1980, WHC-SD-WM-TI-057,
Rev. OA, Westinghouse Hanford Company, Richland, Washington.

* A model based on process knowledge and radioactive decay estimations
using ORIGEN for different compositions of process waste streams
assembled for total, solution, and solids compositions per tank.
Assumptions about waste/waste types and solubility parameters and
constraints are also given.

Ib. Fill History/Waste Transfer Records

Agnew, S. F., R. A. Corbin, T. B. Duran, K. A. Jurgensen, T. P. Ortiz, and
B. L. Young, 1997, Waste Status and Transaction Record Summary
(WSTRS) Rev. 4, LA-UTR-97-3 11, Los Alamos National Laboratory, Los
Alamos, New Mexico.

* Contains spreadsheets showing all available data on tank additions and
transfers.

Anderson, J. D., 1990, A History of the 200 Area Tank Farms, WHC-MR-0132,
Westinghouse Hanford Company, Richland, Washington.

* Contains single-shell tank fill history and primary campaign and waste
information to 1981.

Ic. Surveillance/Tank Configuration

Alstad, A. T., 1993, Riser Configuration Documentfor Single-Shell Waste Tanks,
WHC-SD-RE-TI-053, Rev. 9, Westinghouse Hanford Company, Richland,
Washington.

* Shows tank riser locations in relation to a tank aerial view and a description
of risers and their contents.
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Lipnicki, J., 1997, Waste Tank Risers Available for Sampling,
HNF-SI)-RE-TI-7 10, Rev. 4, Lockheed Martin Hanford Corp. for Fluor
Daniel Hanford, Inc., Richland, Washington.

* Assesses riser locations for each tank; however, not all tanks are included or
completed. An estimate of the risers available for sampling is also included.

Tran, T. T., 1993, Thermocouple Status Single-Shell & Double-Shell Waste
Tanks, WHC-SD-WM-TI-553, Rev. 0, Westinghouse Hanford Company,
Richland, Washington.

* Contains riser and thermocouple information for Hanford Site waste tanks.

Id. Sample Planning/Tank Prioritization

Adams, M. R., T. M. Brown, J. W. Hunt, L. J. Fergestrom, 1998, Fiscal Year
1999 Waste Information Requirements Document, HNF-28 84, Rev. 0,
Lockheed Martin Hanford Corp. for Fluor Daniel Hanford, Inc., Richland,
Washington.

* Contains Tri-Party Agreement (Ecology et al. 1997) requirement-driven
TWRS Characterization Program information.

Brown, T. M., J. W. Hunt, and L. J. Fergestrom, 1997, Tank Characterization
Technical Sampling Basis, HNF-SD-WM-TA- 164, Rev. 3, Lockheed
Martin Hanford Corp. for Fluor Daniel Hanford, Inc., Richland,
Washington.

* Summarizes the 1997 technical basis for characterizing tank waste and
assigns a priority number to each tank.

Brown, T. M., Y. W. Hunt, and L. J. Fergestrom, 1998, Tank Characterization
Technical Sampling Basis, HNF-SD-WM-TA-164, Rev. 4, Lockheed
Martin Hanford Corp. for Fluor Daniel Hanford, Inc., Richland,
Washington.

* Summarizes the 1998 technical basis for characterizing tank waste and
assigns a priority number to each tank.

DOE-RL, 1996, Recommendation 93-5 Implementation Plan, DOE/RL-94-0001,
Rev. 1, U. S. Department of Energy, Richland, Washington.

* Describes the organic solvents issue and other tank issues.
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McCain, D. J., 1997, Tank 241-TX-104 Push Mode Core Sampling andAnalysis
Plan, HNF-SD-WM-TSAP-151, Rev. 0, Lockheed Martin Hanford Corp.
for Fluor Daniel Hanford, Inc., Richland, Washington.

* Contains sampling and analysis requirements for tank 241-TX-104 based on
applicable DQOs.

le. Data Quality Objectives and Customers of Characterization Data

Dukelow, G. T., J. W. Hunt, H. Babad, and J. E. Meacham, 1995, Tank Safety
Screening Data Quality Objective, WHC-SD-WM-SP-004, Rev. 2,
Westinghouse Hanford Company, Richland, Washington.

* Determines whether tanks are under safe operating conditions.

Meacham, J. E., D. L. Banning, M. R. Allen, and L. D. Muhlestein, 1997, Data
Quality Objective to Support Resolution of the Organic Solvent Safety
Issue, HNF-SD-WM-DQO-026, Rev. 0, DE&S Hanford, Inc. for Fluor
Daniel Hanford, Inc., Richland, Washington.

* Contains requirements for the organic solvents DQO.

Osborne, J. W., and L. L. Buckley, 1995, Data Quality Objectivesfor Tank
Hazardous Vapor Safety Screening, WHC-SD-WM-DQO-002, Rev. 2,
Westinghouse Hanford Company, Richland, Washington.

* Contains requirements for addressing hazardous vapor issues.

Schreiber, R. D., 1997, Memorandum of Understandingfor the Organic
Complexant Safety Issue Data Requirements, HNF-SD-WM-RD-060,
Rev. 0, Lockheed Martin Hanford Corp. for Fluor Daniel Hanford, Inc.,
Richland, Washington.

* Contains requirements, methodology and logic for analyses to support
organic complexant issue resolution.
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IL ANALYTICAL DATA - SAMPLING OF TANK WASTE AND WASTE TYPES

Ila. Sampling of Tank 241-TX-104

Analytical Services, 1977, Analyses of Tank Farm Samples, Sample No. T832,
Tank 104-TX Received 1-12-77, (internal memorandum, no number, to
File, February 11), Atlantic Richfield Hanford Company, Richland,
Washington.

* Contains results for 1977 grab samples.

Analytical Services, 1976, Analyses of Tank Farm Sample, Sample No. T4391,
Tank 104-TX, Received-4-19-76, (internal memorandum, no number, to
J. C. Womack, September 17), Atlantic Richfield Hanford Company,
Richland, Washington.

* Contains results for 1976 grab samples.

Duchsherer, M. J., E. S. Mast, L. A. Pingel, M. Stauffer, R. S. Viswanath,
D. B. Bonfoey, G. A. Fies, C.V. Dormat, 1997, Tank Vapor Sampling and
Analysis Package for Tank 241-TX-104, Sampled May 5, 1997,
HNF-SD-WM-DP-28 1, Rev. 0, Numatec Hanford Corporation for Fluor
Daniel Hanford, Inc., Richland, Washington.

* Contains 1997 vapor sample results.

Godfrey, W. L., 1965, 242-T Evaporator Feed, (internal memorandum, to
S. J. Beard, September 24), General Electric Company, Richland,
Washington.

* Contains results for 1965 grab samples.

Steen, F. H., 1998, Tank 241-TX-104, Cores 230 and 231, Analytical Results for
the Final Report, HNF-SD-WM-DP-305, Rev. 0, Waste Management
Federal Services of Hanford, Inc. for Fluor Daniel Hanford, Inc., Richland,
Washington.

* Contains results for 1998 core sample analyses.

Wheeler, R. E., 1974, Analysis of Tank Farm Samples, Sample: T-5118, 104-TX,
(internal memorandum, to R. L. Walser, September 17), Atlantic Richfield
Hanford Company, Richland, Washington.

. Contains results for 1974 grab sample analyses.
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III COMBINED ANALYTICAL/NON-ANALYTICAL DATA

I11a. Inventories from Campaign and Analytical Information

Agnew, S. F., J. Boyer, R. A. Corbin, T. B. Duran, J. R. Fitzpatrick,
K. A. Jurgensen, T. P. Ortiz, and B. L. Young, 1997, Hanford Tank
Chemical and Radionuclide Inventories: HDWModel Rev. 4,
LA-UJR-96-3860, Los Alamos National Laboratory, Los Alamos, New
Mexico.

* Contains waste type summaries and primary chemical compound/analyte
and radionuclide estimates for sludge, supernatant, and solids.

Brevick, C. H., J. L. Stroup, and J. W. Funk, 1997, Historical Tank Content
Estimate for the Northwest Quadrant of the Hanford 200 Areas,
HNF-SD-MW-ER-351, Rev. 1, Fluor Daniel Northwest, Inc. for Fluor
Daniel Hanford, Inc., Richland, Washington.

o Document contains summary information from the supporting document as
well as in-tank photo collages and the solid composite inventory estimates
Rev. 0 and Rev. OA.

Schmittroth, F. A., 1995, Inventoriesfor Low-Level Tank Waste,
WHC-SD-WM-RPT-164, Rev. 0, Westinghouse Hanford Company,
Richland, Washington.

* Document contains tank inventory information.

IlIb. Compendium of Data from Other Physical and Chemical Sources

Brevick, C: H., J. L. Stroup, and J. W. Funk, 1997, Supporting Documentfor the
Historical Tank Content Estimate for TX Farm, HNF-SD-WM-ER-32 1,
Rev. 1, Fluor Daniel Northwest, Inc. for Fluor Daniel Hanford, Inc.,
Richland, Washington.

* Document contains historical data and solid inventory estimates. The
appendices contain the following information: Appendix C - Level History
AutoCAD sketch; Appendix D - Temperature Graphs; Appendix E -
Surface Level Graph; Appendix F, pg F-I - Cascade/ Drywell Chart;
Appendix G - Riser Configuration Drawing and Table; Appendix I -
In-Tank Photos; and Appendix K - Tank Layer Model Bar Chart and
Spreadsheet.
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Brevick, C. H., L. A. Gaddis, and E. D. Johnson, 1995, Tank Waste Source Term
Inventory Validation, Vols. I & IL, WHC-SD-WM-ER-400, Rev. 0,
Westinghouse Hanford Company, Richland, Washington.

* Document contains a quick reference to sampling information in spreadsheet
or graphical form for 23 chemicals and 11 radionuclides for all the tanks.

Hanlon, B. M., 1998, Waste Tank Summary Report for Month Ending
September 30, 1998, WHC-EP-0182-126, Lockheed Martin Hanford Corp.
for Fluor Daniel Hanford, Inc., Richland, Washington.

* Contains a monthly summary of the following: fill volumes, Watch List
tanks, occurrences, integrity information, equipment readings, equipment
status, tank location, and other miscellaneous tank information.

Husa, B. I., 1993, Hanford Site Waste Storage Tank Information Notebook,
WHC-EP-0625, Westinghouse Hanford Company, Richland, Washington.

* Contains in-tank photographs and summaries on the tank description, leak
detection system, and tank status.

Husa, E. I., 1995, Hanford Waste Tank Preliminary Dryness Evaluation,
WHC-SD-WM-TI-703, Rev. 0, Westinghouse Hanford Company,
Richland, Washington.

* Assesses relative dryness between tanks.

Remund, K. .M. and B. -C. Simpson, 1996, Hanford Waste Tank Grouping.Study,
PNNL- 11433, Pacific Northwest National Laboratory,
Richland, Washington.

* Document contains a statistical evaluation to group tanks into classes with
similar waste properties.

Shelton, L. W., 1996, Chemical and Radionuclide Inventory for Single- and
Double-Shell Tanks, (internal memorandum 74A20-96-30 to
D. J. Washenfelder, February 28), Westinghouse Hanford Company,
Richland, Washington.

* Contains a tank inventory estimate based on analytical information.
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Van Vleet, R. J., 1993, Radionuclide and Chemical Inventories,
WHC-SD-WM-TI-565, Rev. 1, Westinghouse Hanford Company,
Richland, Washington.

* Contains tank inventory information.

LMHC, 1998, Tank Characterization Data Base, Internet at
http://twins.pnl.gov:8001/htbin/TCD/main.html

* Contains analytical data for each of the 177 Hanford Site waste tanks.
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